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CORAL REEF ASSESSMENT: AN INDEX UTILIZING SEDIMENT 
CONSTITUENTS 
 
Camille Daniels 
 
ABSTRACT 
 
 
 Resource managers need inexpensive bioindicators to evaluate the health of coral  
 
reef ecosystems and to inform decisions on when and where to utilize more expensive  
 
assessment techniques.  Following USEPA Guidelines for Evaluating Ecological  
 
Indicators, I developed the SEDCON Index (SI), a rapid-assessment protocol which 
 
utilizes reef sediment composition to assess the integrity of coral-reef communities. Key  
 
advantages of this index are that it entails non-destructive sampling and is applicable to  
 
reefs worldwide. The underlying assumption of the index is that community structure is  
 
reflected by proportions of recognizable remnants of calcareous shells and skeletal  
 
remains of mixotrophic (zooxanthellate corals and larger foraminifers), autotrophic  
 
(calcareous and coralline algae), and heterotrophic (e.g., bryozoans, molluscs, smaller  
 
foraminifera) benthic organisms, as well as unrecognizable debris as a proxy for  
 
bioerosion. Implementation and assessment of this diagnostic tool is presented for the  
 
Florida Middle Grounds (FMG) and the Coral Reef Evaluation and Monitoring  
 
Project (CREMP) sites in the Florida Keys National Marine Sanctuary (FKNMS).  I  
 
calibrated SI data with benthic community data from CREMP. Data from samples  
 
collected in FKNMS between 2001 and 2004 indicate dominance of the sediments by  
 
bioerosional debris, whereas data from samples collected in the early 1980s from the  
 
 
 ix 
Florida Keys and from Navassa in 2004 indicate lower proportions of unidentifiable  
 
components. Application of the SI provides an assessment of ecosystem condition on  
 
scales of years to decades. 
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INTRODUCTION 
 
 As human populations continue to increase along coastlines, efforts to protect  
 
coral reefs remain a top environmental concern. Over the past 40 yrs, drastic decline in  
 
coral cover across the planet has warranted establishment of monitoring programs,  
 
designation of marine protected areas (MPAs), and emphasis on the importance of  
 
effectively managing reef resources. These ecosystems have become increasingly  
 
threatened by anthropogenic factors, resulting in exacerbation of natural stresses and  
 
altered biological relationships, and often inflicting irreversible damage on the  
 
environment. Reef degradation continues as a result of global climate change, disease,  
 
overfishing, disruption of food webs, and pollution from neighboring communities  
 
(Buddemier et al., 2004).  
 
 Four million tourists visit the Florida Keys annually (NOAA, 1997) and  
 
pump $1.6 billion into the state’s economy (Bryant et al., 1998). Currently, Florida is  
 
experiencing a 2.6% annual rate of growth which will double the population in 28 years.  
 
By the year 2030, the population will exceed 30 million and the largest increases will  
 
occur in Southeast Florida (Bureau of Economic and Business Research, University of  
 
Florida, 2001; Bureau, 2003). Given that the Florida Reef Tract is continentally  
 
influenced, and thus may be expected to exhibit less coral cover than insular  
 
environments (Hallock et al., 1993), it is critically important to evaluate the abundance of  
 
other taxa which are conspicuous components of reefs in this system (Chiappone and  
 
Sullivan, 1997).  
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Developing metrics for stewardship of coral reef resilience is vital for coping with  
 
uncertainty and surprise in a biosphere increasingly shaped by human action  
 
(Bellwood et al., 2004). 
 
Environmental mangers need readily applicable ways to discern between  
 
degraded and undegraded sites and to link biotic response to stressors. This issue was  
 
addressed by development of guidelines for proposing and evaluating benthic indices 
 
under the U.S. Environmental Protection Agency’s (EPA) Environmental Monitoring and  
 
Assessment Program (EMAP), and objectives were to ascertain the status and extent of  
 
habitat affected by pollutants over large geographic areas (Messer et al., 1991). A  
 
multimetric assessment identified and preserved finer distinctions among sites, in the  
 
index itself, and in values of the component metrics (Jameson et al., 2001).  By applying  
 
a mathematical formula to multimetric benthic data, resource managers can calculate a  
 
single, scaled index that can be used to evaluate benthic condition (Engle, 2000).  
 
Biological integrity has been defined as "the health and stability of a biological 
 
system as well as the capacity for self-repair" (Karr and Dudley, 1981). Any concept of 
 
ecosystem health should include concepts of structure and function (Coates et al., 2002). 
               
Karr (1981) successfully developed the Index of Biotic Integrity (IBI) based on the  
 
premise that integration of structural and functional attributes of an ecosystem are  
 
represented in biological data from which an overall assessment can be obtained  
 
(Fausch et al., 1990; Karr, 1991; Karr and Chu, 1997; McCormick and Peck, 2000).  
 
Karr (1981) examined various attributes of fish communities (i.e., species richness and  
 
composition, fish abundance and condition, and trophic composition) to determine water  
 
resource quality in freshwater systems, and the data were mathematically compounded  
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into a scaled index value. This value is a synthesis of hypotheses about relationships  
 
among those biological attributes under varying influences from human society (Fausch  
 
et al., 1990). Subsequent adaptations of the IBI have been developed and applied in  
 
estuaries (Engle et al., 1994; Ranasinghe et al., 1994; Weisberg et al., 1997; Engle and  
 
Summers, 1999; Engle, 2000). An emerging question is can IBI’s be useful in coral reef 
 
ecosystems (Jameson et al., 2001; Hallock et al., 2003).  
  
 Assessing coral reef health using coral cover or species diversity alone does not  
 
give an accurate ecosystem evaluation, hence both biotic and abiotic parameters  
 
must be considered. Rates of bioerosion and local water quality are indicative of a reef  
 
community’s resilience and ability to recover from perturbations (Hallock et al., 2004). A  
 
major factor in the decline of reef communities (i.e., shifts from coral to algae dominated)  
 
appears to be anthropogenic nutrient flux (Hallock et al., 1993; Lapointe, 1997; Lapointe  
 
et al., 2002), which coincide with shifts of foraminiferal taxa in reef sediments  
 
(Cockey et al., 1996). Stony corals and larger foraminiferal species are termed 
 
mixotrophs, because they contain algal symbionts, and as a consequence are prevalent 
 
in shallow, low nutrient environments (Muscatine and Porter, 1977; Hallock, 1981;  
 
Hallock and Schlager, 1986). Smaller heterotrophic foraminifers, which lack  
 
symbionts, are more prevalent in areas of higher nutrient flux. These observed trends  
 
were the basis for development of the FORAM Index by Hallock et al. (2003) to  
 
determine whether water quality is sufficient to support mixotrophy, so reef growth or  
 
recovery can occur. This risk assessment protocol can also distinguish whether reef  
 
decline is a response to nutrification or to episodic stress or mortality events. 
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 Birkeland (1988) suggested increased nutrient flux in space or over time brings  
 
about changes in benthic community structure. Hallock (1988) added that evidence for  
 
the consequences of nutrient enhancement are found in carbonate sediment composition.  
 
Recognizable, physically eroded coral fragments and larger foraminiferal shells dominate  
 
reef sediments in oligotrophic areas, while bioeroded coral grains, calcareous algae,  
 
molluscan debris, and smaller foraminifers are common in areas of higher nutrient flux,  
 
whether anthropogenic or natural (Hirschfield et al., 1968; Hallock, 1988; Cockey et al.,  
 
1996; Hallock et al., 2004). 
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The SEDCON Index 
 
 Hallock (2003) and Hallock et al. (2004) proposed the development of an index  
 
based on sediment constituents. The SEDCON Index is proposed for resource and risk  
 
assessment to evaluate the integrity of coral reef communities on multi-year to decadal  
 
scales. The underlying assumption of the SI is that sediment composition reflects  
 
community structure. The proposed protocol would integrate weighted proportions of  
 
nine categories (Table 1) of reef sediment to produce the index value that reflects reef  
 
integrity. 
 
Table 1. - Categories of sediment constituents proposed for the SEDCON Index (Hallock et al., 2004) 
                                  
Coral fragments Molluscs 
Symbiotic 
foraminifers Echinoid spines 
Calcareous algae Worm tubes 
Coralline algae 
Other identifiable 
grains 
Unidentifiable  
 
 
Skeletal remains of primary and secondary reef-framework builders are included, as are 
 
shells of other organisms, to indicate nutrient flux (Fig. 1), while unidentifiable  
 
constituents provide a proxy for bioerosion. Foraminifers with algal symbionts are  
 
analogous to zooxanthellate corals in two integral aspects: 1) obligation to symbiotic  
 
relationships for growth and calcification, and 2) shifts in taxa, from larger mixotrophic  
 
species to smaller heterotrophs correspond with the transition from coral to algal- 
 
dominated communities (Lidz and Hallock, 2000; Hallock et al., 2003). Because of their  
 
fast recovery from physical disturbances and immunity to coral diseases (Cockey et al.,  
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1996), their incorporation into the SEDCON Index is justified as a water quality signal.  
 
Previously published models (Birkeland, 1987; Hallock et al., 1988; Done, 1995) which  
 
predict the response of benthic biota to changes in nutrient supply (Fig. 1), were adapted  
 
to interpret changes in reef tract sediments by Lidz and Hallock (2000). 
 
 
   
Figure 1. Changes in reef sediment composition in response to increasing nutrient flux, whether natural  
                 or anthropogenic (Lidz and Hallock, 2000), modified from Hallock et al. (1988) 
 
 
 Incorporation of the SI into a monitoring program has a number of potential  
 
advantages. This low cost, low technology methodology requires minimal diver bottom  
 
time, has no impact on reef resources, and sample preparation allows for multiple  
 
analyses (e.g., chemical analysis of sediments, etc.) to be conducted without the need to  
 
resample. In areas where access to current technology for coral reef monitoring is  
 
restricted by monetary constraints, such as in developing countries , the SI can easily be  
 
implemented with proper training of personnel in identifying key functional groups. The  
 
SI may provide a metric for assessing reef community structure and reef accretion or loss. 
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Assessment Relevance 
 
The sedimentary record provides data sets that can be used to assess and  
 
monitor changes in community structure, from which we can deduce trends in health of  
 
calcifying biota and thus that of an ecosystem as a whole (Lidz and Hallock, 2000).  
 
Perry (1996) concluded fore-reef framework sediments respond rapidly to variation  
 
in carbonate production and have considerable potential to preserve subtle changes in the  
 
supply of individual grain types. Hallock et al. (2004) suggested an environment suitable  
 
for algal symbiosis and carbonate production contains sediments dominated by  
 
recognizable coral constituents and larger foraminifera. Furthermore, a prevalence of  
 
algal and molluscan fragments indicate autotrophy and grazing as the dominant  
 
nutritional modes, and bioerosion is a major process occurring where coated and  
 
bioeroded grains dominate. In addition, Hallock et al. (2004) proposed that potential for  
 
reef recovery following mortality events depends on water quality and rates of  
 
bioerosion. If sediment constituents reflect differences in community structure attributed  
 
to these physical and chemical processes (Fig. 2), then they can be used for monitoring  
 
of coral reef ecosystems. Currently, most reef monitoring programs sample sediment for  
 
grain size and toxicological analysis. Thus including compositional analysis will often  
 
require no additional sampling.  
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Figure 2. Conceptual framework for the SEDCON Index 
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Ecological Revelance  
 
 In general, organisms such as coral, reef fish, and algae, have been the  
 
bioindicators selected to determine the impact of various stressors on reef communities  
 
(Hughes and Connell, 1999). Analyses of sediment to study environmental trends  
 
have been primarily used in riverine and estuarine systems (Long et al., 2004). A few  
 
studies have linked sediment composition to coral reef community structure. Precht and  
 
Aronson (1997) suggested using reef sediments as an indicator of reef health after  
 
observing sediment compositional shifts in Discovery Bay, Jamaica, from Halimeda- 
 
dominated to bioeroded-coral dominated in the early 1980s. Results from the study  
 
associated these changes with increased bioerosion subsequent to widespread coral  
 
mortality. Petrologic evaluation of surface sediments and comparison with historical data  
 
by Lidz and Hallock (2000) revealed similar consistencies between trends in reef  
 
sediment composition and observed coral reef decline throughout the Florida Keys.  
 
 Triffleman et al. (1992) analyzed sediments to understand the coral-reefal turn-  
 
on/turn-off gradient along remote areas of the Nicaraguan Rise. In 1987, Pedro Bank  
 
contained actively accreting reefs, which were absent at nearby Serranilla Bank. Benthic  
 
community structure at the latter location included high sponge and algal cover, isolated  
 
coral heads, and intense bioerosion. Heavily microbored Halimeda and molluscan grains  
 
dominated the sediments. Strong surface currents, topographically-induced upwelling and  
 
seasonal storms resulted in a sufficient nutrient flux onto Serranilla Bank to enable  
 
benthic algae and clinoid sponges to outcompete corals. This research provides a model  
 
of how natural processes can control reef growth and sediment composition, in contrast 
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to previously cited studies, which considered anthropogenic influence on carbonate  
 
production.  
 
 
Whole Grain or Thin Section Analyses?  
 
 Sediment constituent analysis is performed in two basic ways: 1) microscopic  
 
examination and identification of whole grains (Thorp, 1936; Triffleman et al., 1992;  
 
Perry, 2000) or 2) embedding sediments for thin section preparation and microscopic  
 
examinations of thin sections (Illing, 1954; Ginsburg, 1956; Swinchatt, 1965; Lidz and  
 
Hallock, 2000). In both cases, basic point count techniques are applied. Selection of  
 
technique depends on resources and goals, since both have advantages and disadvantages.  
 
Thin sectioning requires much more sample preparation, hence is a labor intensive and  
 
costly method, however most grains can be identified in detail. Many more unidentifiable  
 
grains are found during whole-grain visual analysis, especially when biological processes  
 
(i.e., microboring, algal overgrowth, dissolution, and precipitation) are active. If physical  
 
processes dominate, sources of most grains can still be determined. 
 
 Visual analysis of whole grains was selected for this study for two reasons. First, 
 
if the SEDCON Index is to be a useful tool for rapid assessment, the lengthy and  
 
expensive thin section approach is impractical.  Second, Lidz and Hallock (2000) found  
 
coral grains were abundant in a declining ecosystem, via thin section, yet did not 
 
distinguish between coral grains from bioerosion or physical erosion.  Biologically  
 
reworked material is primarily unidentifiable while physically eroded coral grains are  
 
readily identifiable in whole grain analysis. Abundance of identifiable coral grains, along  
 
with larger foraminiferal shells, can indicate conditions favorable for reef accretion,  
 11 
while dominance of unidentifiable grains indicates that environmental conditions unlikely  
 
to support reef growth.   
 
 
PROJECT OBJECTIVES 
 
 This thesis research will develop and test the SEDCON Index, which uses 
 
reef sediments to assess coral reef accretion versus breakdown. I shall compare sediment  
 
composition with coral cover, benthic community structure, and water quality data. 
 
Questions to be addressed by this research include: 
 
 Is the proposed SEDCON Index feasible as an ecological indicator? 
  
 Do index values correlate to coral cover? 
  
 What environmental parameters correlate with the SI? 
 
  Is the SEDCON Index practical in determining if a reef site is accreting,     
       or eroding? 
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METHODS 
 
Study Sites 
 
 My thesis research involves testing the SEDCON Index at the third largest  
 
shallow-water reef in the world, the Florida Reef Tract, which stretches southwest from  
 
Miami to the Dry Tortugas. A majority of this reef system lies within the Florida Keys  
 
National Marine Sanctuary (FKNMS) and is composed of offshore patch reefs, seagrass  
 
beds, back reefs and reef flats, bank of transitional reefs, sand and soft bottom deep reefs,  
 
outliers, and more (FKNMS, 2003).  Major resource management issues facing this area  
 
include decline in healthy corals due to increase in coral disease and bleaching, algal  
 
invasion of sea grass beds and reefs, overfishing, reduced freshwater flow from Florida  
 
Bay, and damage to coral from boats, snorkelers, divers, and ship groundings (Turgeon et  
 
al., 2002).  
 
 Since 1994, the Coral Reef Evaluation and Monitoring Project (CREMP) has  
 
studied long-term trends in reef populations and community responses to environmental  
 
pressures at FKNMS (Jaap et al., 2002).  Within 40 sampling sites (Fig. 3), data are  
 
collected at 105 stations. Methods included four video transects at each reef site, as well  
 
as station-species surveys of bio-eroding sponges, diseased corals, stony coral abundance  
 
and temperature surveys (Japp et al., 2002).  Annual sampling began in 1996, and  
 
continued at least through 2005. In the summers of 2001, 2003, and 2004, sediment  
 
samples were collected at many CREMP sites by CREMP researchers; those sediment  
 
samples are the basis of this research. Because only one sample was collected at each  
 
CREMP site during any field season, additional sampling was carried out in 2004 at  
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several sites off Key Largo on the Upper Florida Keys (Fig. 4; Table 2). At these sites, 
 
two replicates were collected per site and were analyzed to assess intra-site variability. 
 
 Samples from a few areas outside of the Florida reef tract were also available for  
 
comparison. The Florida Middle Grounds (FMG) is home to the northernmost reefs in  
 
the Eastern Gulf of Mexico, off the central west coast of Florida (Fig. 5).They differ from  
 
the Florida Keys reefs, because they are found at greater depths and endure lower winter  
 
temperatures. Sediment at the Florida Middle Grounds was collected by researchers from  
 
the Florida Wildlife Research Institute. In 1983, FMG (Fig. 5) was designated as a  
 
Habitat Area of Particular Concern, therefore long-line fishing and trawling is banned.  
 
Navassa (Fig. 6), an uninhabited U.S. protectorate located between Haiti and Jamaica,  
 
was recently declared a National Wildlife Refuge by the U.S. Fish and Wildlife Service.  
 
Samples were collected and provided by Dr. Dana Williams, a NOAA researcher. Little  
 
information is available about this small island. Minor fishing pressure from Haitian  
 
fisherman in small wooden boats appears to be the only anthropogenic factor which 
 
impact the reefs (Miller and Gerstner, 2002). Sites for Navassa and FMG are listed in  
 
Table 3. 
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Figure 3. Coral Reef Evaluation and Monitoring Program sites (triangles) and corresponding SERC water quality stations (diamonds) along the Florida Reef  
                 Tract, modified from Boyer and Jones (2002)
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Figure 4. Key Largo sampling sites where replicates were collected (Alena’s Reef not sampled; Carysfort Reef shown in Figure 3), Source: NOAA 
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Figure 5. Florida Middle Grounds dive sites (Japp et al., 2003) 
 
 
 
  
Figure 6. Sampling locations on Navassa (Agency, 1991 (revised)) 
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Table 2. Depths for Key Largo area sites; abbreviations are used in text and subsequent figures and tables 
   
Key Largo 
Site Depth 
(m) 
Key Largo (KL) 3, 9,18 
3 Sisters 
(3 Sis) 
6 
Algae Reef 6 
White Bank (WB) 6 
Carysfort Reef 
(Cary) 
10, 25, 50, 75 
 
 
 
 
 
 
Table 3. Depths for Florida Middle Grounds and Navassa sites  
                
Florida Middle 
Grounds 
Navassa 
Site Depth 
(m) 
Site  Depth (m) 
151 27-30 19 21 
247 27-30 57 25 
251 24-26 86 30.7 
491 32-33 117 31 
Fisherman’s 30-32 62 31.3 
Goliath 
Grouper 
32-36 23 32 
  38 36.7 
  88 39 
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Water Quality Data 
 
Water quality data for the Florida Reef tract (Table 4) have been collected by the  
 
Southeast Research Center’s Water Quality Monitoring Network (SERC-WQMN)  
 
quarterly since 1995. Callahan (2005) matched CREMP reef sites to WQMN sites (Table  
 
5) using an ARC view query tool and based assignments on four criteria: 1) proximity to  
 
CREMP Sites, 2) depth similarity, 3) distance to shore, and 4) benthic cover similarity  
 
under the WQNP station. Findings of the analysis impose a couple of caveats. Due to  
 
proximity, water quality stations are the same for deep and shallow reef sites. The Dry  
 
Tortugas’ White Shoals reef site does not have a station. Surface and bottom  
 
measurements were taken for all water quality parameters except chlorophyll-a, which 
 
is taken only at the surface. 
 
Table 4. SERC Water Quality Monitoring Network sampling list (Boyer and Jones, 2002; Callahan, 2005) 
                                                           
  Water Quality Parameters 
salinity (practical scale salinity) 
temperature (°C) 
dissolved oxygen (DO, mg/l) 
turbidity (NTU) 
nitrate (NO3
-, µM) 
nitrite (NO2
-, µM) 
ammonium (NH4
+, µM) 
dissolved inorganic nitrogen (DIN, µM) 
soluble reactive phosphate (SRP, µM) 
total nitrogen (TN, µM) 
total organic nitrogen (TON, µM) 
total organic carbon (TOC, µM) 
total phosphorus (TP, µM) 
silicate (Si(OH)4, µM) 
chlorophyll a (CHL a, µg/L) 
   alkaline phosphatase activity (APA, µM/h) 
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Table 5. CREMP sites and with associated water quality stations (adapted from Callahan, 2005) 
 
             CREMP Site Reef Class Depth 
(m) 
Keys 
Region 
                WQMN Site 
9P1         Turtle Patch 
9S1     Carysfort Shallow 
9D1       Carysfort Deep 
9S2       Grecian Rocks 
9P3        Porter Patch 
9H2       El Radabob 
9S3     Molasses Shallow 
9D3      Molasses Deep 
9S4       Conch Shallow 
9D4        Conch Deep 
7D1      Alligator Deep 
7S2   Tennessee Shallow 
7D2    Tennessee Deep 
5D3  Eastern Sambo Deep 
5S5    Rock Key Shallow 
5D5      Rock Key Deep 
1P1        White Shoal 
1D2    Black Coral Rock 
 
Patch 
Offshore Shallow 
Offshore Deep 
Offshore Shallow 
Patch 
Hardbottom 
Offshore Shallow 
Offshore Deep 
Offshore Shallow 
Offshore Deep 
Offshore Deep 
Offshore Shallow 
Offshore Deep 
Offshore Deep 
Offshore Shallow 
Offshore Deep 
Offshore Deep 
Patch 
 
4-8 
2-5 
13-18 
3-8 
3-6 
3 
4-9 
13-16 
5-7 
15-18 
11-13 
5-7 
14-15 
14-16 
2-6 
12-14 
6-7 
23-25 
Upper 
Upper 
Upper 
Upper 
Upper 
Upper 
Upper 
Upper 
Upper 
Upper 
Middle 
Middle 
Middle 
Lower 
Lower 
Lower 
Tortugas 
Tortugas 
212           Turtle Patch 
216         Carysfort Reef 
216         Carysfort Reef 
400         Grecian Rocks 
400         Grecian Rocks 
220         Radabob Key 
225         Molasses Reef 
225         Molasses Reef 
228           Conch Reef 
264             Aquarius 
401          Alligator Reef 
243       Tennessee Reef 
243       Tennessee Reef 
273  Eastern Sambo Offshore 
280      Eastern Dry Rocks 
280      Eastern Dry Rocks 
N/A                  N/A 
349     Loggerhead Offshore 
 
 
Sediment Analyses 
 
  Sediment samples were provided by CREMP researchers from sites throughout  
 
the FKNMS during the summers of 2001, 2003, and 2004. Other locations sampled 
 
include the Florida Middle Grounds in 2003, several sites off Key Largo in 2004  
 
and Navassa in 2004. Florida Keys sediment samples from the mid-1980s were  
 
obtained from Dr. Pamela Hallock and also processed. CREMP site classes include  
 
hardbottom community (2-7m), patch reefs (1-12m), offshore shallow (1-9m), and  
 
offshore deep sites (8-25m). The depth range for Florida Middle Grounds sites was 25- 
 
39m and Navassa sites fell within 21m – 39m. SCUBA and skin divers utilized small,  
 
pre-labeled, plastic vials or Ziploc bags to scoop surface sediments, which were  
 
refrigerated until processing commenced (Appendix II). Ideal sample size is 10g dry  
 
weight, half of which is archived (Hallock et al., 2003); about 4g are used for sediment  
 
analysis.  
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Samples were washed over a 0.63mm sieve to remove the mud fraction, and both  
 
mud and sand fractions were dried in an oven between 50 and 80°C. Grain-size analysis  
 
was conducted as described by (Folk, 1974), where each phi fraction was weighed and  
 
percent weight for that size fraction was calculated. Sediments in the 0.5-2mm range  
 
were selected for constituent analysis. A 1g subsample of this sediment size was  
 
sprinkled onto a gridded tray, and 300 calcareous grains (Ginsburg, 1956; Textoris, 1971)  
 
that resided along the grid line were examined under a stereomicroscope. Point counts  
 
using grains in the 0.5-2mm range reduced the likelihood of misidentifying constituents,  
 
because they were large enough to differentiate. Using a moistened artist’s brush (tip size  
 
5/0 to 3/0), each grain was transferred to a micropaleontological faunal slide coated with  
 
water soluble glue (Hallock et al., 2003). Equipment used for constituent analysis is  
 
shown in Figure 7. Complete procedure is listed in Appendix III. 
 
 
 
  
Figure 7.  Sieve set and materials for analyzing sediment samples 
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Sediment constituents are classified into nine types of grains (Table 1).  
 
Identification of grains were based on structure and other characteristics common to each  
 
type of constituent (Bathurst, 1972; Flugel, 1982; Scoffin, 1987; Sen Gupta, 2002). Coral  
 
grains are characterized by an asymmetrical shape, a colorless, crystal microstructure that  
 
is arranged radially, and irregular projections (Ginsburg, 1956). Calcareous algae,  
 
specifically Halimeda sp., appear as thin white plates under a microscope. A cross section  
 
reveals a porous internal structure with channels crossing the entire grain. Both  
 
encrusting and branching forms of coralline algae were observed. Lithothamnion has a  
 
deep red color and looks like a crustal growth, which greatly contrasts the other surfaces  
 
it encrusts. Gonolithion are branching coralline algae, and Amphiroa are white, rod  
 
shaped particles. Chamber structure (granular, porcelaneous, or hyaline) and size are the  
 
attributes used to distinguish symbiont-bearing from heterotrophic foraminifers. Helical,  
 
transparent shells or fragments with lamellar skeletal structure and jagged edges are  
 
classified as molluscs. Echinoid spines are thin, brown or white spines with small  
 
protrusions along the entire structure’s length. Straight or planispiral calcareous tubes are  
 
secreted by marine worms (Scoffin, 1987). The other group consists of identifiable debris  
 
from bryozoans and barnacles, sponge and alcyonarian spicules, and non skeletal grains.  
 
Proportions of these grain types, plus the unidentifiable grains, were calculated  
 
and placed into five functional groups (Table 6). Pc is the proportion of coral debris.  Pf   
 
is the proportion of shells of symbiont-bearing foraminifera. Pah includes coralline algae,  
 
calcareous green algae, molluscs, echinoid spines, worm tubes, and other constituents  
 
(bryozoans, smaller foraminifers, and other skeletal fragments). Pu is the ratio of  
 
unidentifiable grains. 
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Table 6. Roles of carbonate producers in reef community structure and the SEDCON Index 
 
Sediment grain Community role/ 
feeding mode 
SI interpretation SI    
functional 
group 
Scleractinan 
coral 
Primary reef 
framework builder, 
mixotrophic 
Suitable for 
calcification 
& 
algal 
symbiosis 
Pc 
Larger, symbiont- 
bearing 
foraminifers 
Sediment producer, 
mixotrophic 
Calcification 
by 
algal 
symbioses 
Pf 
Coralline algae Framework builder, 
autotrophic 
Varies with 
other components 
Calcareous algae Sediment 
producers, 
autotrophic 
Nutrient 
signal, 
high CaCO3 
saturation 
 
Molluscs Grazers, predators 
heterotrophic 
Food 
resources, 
nutrient signal 
Echinoid spines Bioeroders, 
heterotrophic 
Bioerosion/ 
nutrient signal 
Worm tubes Heterotrophic Abundant food 
resources 
Other 
(smaller 
foraminifers, 
echinoid spines, 
bryozoans, etc.) 
 
Sediment 
producers, 
heterotrophic 
 
    Abundant food 
resources 
 
 
 
 
 
 
 
 
Pah 
Unidentifiable Bioerosion proxy; 
N/A 
Bioerosion 
signal 
Pu 
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Statistical Analyses 
 
 The Kolmogrov-Smirnov goodness-of-fit test (Kolomogorov, 1933) did not show  
 
SI counts to be normally distributed. Nonparametric tests were selected to analyze  
 
constituent data from all locations. Statsoft’s Statistica v5.5 was used to perform the  
 
aforementioned tests and a significance level of < 0.05 was used to report probabilities.  
 
 Bray-Curtis similarity matrices for SI data by sites (Q-mode) and sediment  
 
constituents (R-mode) were calculated in PRIMER (Plymouth Routines in Multivariate  
 
Ecological Research) 5.2 for Windows, a multivariate statistical package (Clarke and  
 
Ainsworth, 1993). Cluster analyses and a non-metric multidimensional scaling (MDS)  
 
plot were derived. For MDS, samples or variables are placed in a two dimensional plane  
 
according to the similarity information from these matrices. Stress levels < 0.2 represent  
 
a successful MDS plot, and proximity of one site to the next represents similarity. The  
 
SIMPER (similarity percentages) routine in PRIMER (Clarke and Warwick, 2001) was  
 
performed to identify which sediment constituents contribute to observed differences in  
 
community structure. Information provided by SIMPER includes average abundance,  
 
average similarity, percent contribution, similarity ratio to standard deviation, and  
 
cumulative percent contribution of each constituent. This routine was run on sediment  
 
constituent data. A principle component analysis (PCA) was also run in PRIMER to  
 
isolate which sediment constituents explain variation in SEDCON Index data  
 
(Clarke and Warwick, 2001). In Microsoft Excel, Analyses of Variance (ANOVAs) were  
 
run with SEDCON Index values to determine if differences were significant within and  
 
among reef sites, and between years. 
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PRIMER’s BIOENV analysis (Clarke and Warwick, 2001) was also run to  
 
investigate the relationship of constituent data to water quality parameters in Table 4.  
 
This routine examines each individual water quality parameter and all combinations,  
 
which is comparable to a multiple regression (Grant, 2002). A normalized-Euclidean  
 
distance matrix for water quality data and Bray Curtis similarity matrix for the  
 
constituent data are compiled to produce a correlation coefficient (Fig. 8). Although  
 
similar to the Spearman-rank coefficient, no test for significance exists.      
 
 
 
 
 
Figure 8. Graphic of BIOENV procedure, results in a magnification of ρ between the biotic and abiotic 
similiarity matrices (Clarke and Warwick, 2001) 
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RESULTS 
 
Grain Size Analysis 
 
 The Wentworth scale (Table 7) was used to classify sediments by grain size. As  
 
previously noted, only coarse to very coarse sands (0.5 – 2 mm) were examined for  
 
constituent analysis. Accurate identification of finer sediment fractions are recognized as  
 
problematic (Gabrie and Montaggioni, 1982; Perry, 1996)    
 
Table 7. Scale for particle size fractionation of sediment samples (Wentworth, 1922)  
 
 
Grain size 
class 
Range 
(mm) 
Phi 
size 
Gravel/Granule > 2 -1 
Very coarse 
sand 
< 2 - 1 0 
Coarse sand < 1 - 0.5 1 
Medium sand < 0.5 - 0.25 2 
Fine sand < 0.25 - 0.125 3 
Very fine sand < 0.125 – 0.063 4 
Silt and clay <0.063 > 4 
 
Results of grain size analyses for sediments from Key Largo sites are presented 
 
in Table 8. In 70% of the samples, the median grain size fell within the 0.5 – 2mm 
 
range utilized for constituent analysis. The two samples from Carysfort 50m site 
 
(representing 10% of the samples) had median sizes in excess of 2mm. In the other 
 
20% of samples, median grain size was medium sand (0.25-0.5mm). 
 
 
 
 
 
 
 
Sediment constituent 
     analysis range 
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Table 8. Grain size data for Key Largo samples for intrasite comparison (bold indicates median grain size;  
               KL- represents Key Largo) 
           
Reef Sites 
Sample 
wt. (g) 
> 2 
mm 
> 1 * 
mm 
> 0.5 * 
mm 
> 0.25 
mm 
> 0.125 
mm 
> 0.063 
mm 
< 0.063 
mm 
Carysfort 
10m 1 30.84 3.1% 33.5% 47.4% 11.1% 1.2% 0.1% 3.6% 
Carysfort 
10m 2 35.21 4.9% 40.4% 39.2% 11.2% 1.3% 0.1% 2.8% 
Carysfort 
25m 1 33.66 3.7% 13.8% 27.7% 27.4% 15.9% 4.2% 7.1% 
Carysfort 
25m 2 25.39 5.0% 21.2% 30.8% 21.7% 10.9% 2.4% 7.0% 
Carysfort 
50m 1 16.77 61.0% 27.8% 8.4% 0.9% 0.8% 0.3% 0.8% 
Carysfort 
50m 2 18.46 57.9% 30.2% 8.9% 0.6% 0.4% 0.1% 0.8% 
Carysfort 
75m 1 31.12 1.8% 8.4% 22.9% 39.9% 25.3% 0.4% 0.7% 
Carysfort 
75m 2 27.43 2.0% 8.4% 22.3% 40.0% 25.9% 0.2% 0.9% 
KL 3m 1 16.24 2.9% 7.9% 18.4% 34.2% 20.3% 3.7% 10.8% 
KL 3m 2 14.62 3.1% 11.9% 23.1% 24.6% 13.6% 5.3% 17.0% 
KL 9m 1 32.63 1.0% 19.6% 62.0% 13.8% 0.6% 0.0% 2.9% 
KL 9m 2 26.11 0.0% 1.7% 42.0% 44.0% 9.8% 0.7% 1.4% 
KL 18m 1 27.49 11.5% 47.2% 24.2% 8.0% 5.5% 1.8% 1.5% 
KL 18m 2 31.88 13.1% 32.2% 32.1% 12.4% 7.0% 1.6% 1.6% 
3 Sisters 1 37.37 4.7% 28.2% 47.9% 16.1% 2.4% 0.4% 0.3% 
3 Sisters 2 39.13 6.8% 30.5% 38.5% 19.5% 3.7% 0.4% 0.6% 
Algae 1 36.86 10.7% 44.8% 32.3% 5.1% 3.3% 1.4% 1.7% 
Algae 2 36.30 11.3% 50.6% 34.6% 1.9% 0.3% 0.1% 1.0% 
White 
Bank 1 65.90 1.4% 15.8% 36.6% 5.8% 0.2% 0.1% 39.6% 
White 
Bank 2 37.57 0.7% 19.9% 70.3% 6.6% 0.4% 0.1% 0.5% 
 
* Highlighted region indicates size fraction analyzed for sediment constituents  
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Results of grain size analyses of the 42 samples from CREMP sites revealed that 
 
all samples were predominately sand (Table 9). Median grain size fell within the 
 
0.5 – 2mm range in 71% of the samples. Median grain sizes were medium sand in the  
 
other 29% of the samples, which were collected at Carysfort Reef, Grecian Rocks,  
 
Porter Patch, Turtle Reef, and El Radabob hardbottom site. Only six samples (14%)  
 
contained 10% or more mud-sized sediment, with the highest percentage of mud (21%) 
 
found at the Carysfort Deep reef site in 2001.  
 
 
Table 9. Grain size data for all CREMP sites (bold indicates median grain size) 
           
Reef Site 
and Year 
Sample 
wt. (g) 
> 2 
mm 
> 1 *     
  mm 
> 0.5 * 
mm 
> 0.25 
mm 
> 0.125 
mm 
> 0.63 
mm 
< 0.063 
mm 
Alligator 
Deep ‘01 24.51 4.6% 18.9% 53.5% 15.2% 1.6% 0.4% 5.6% 
Alligator 
Deep ‘03 36.85 3.4% 9.0% 43.7% 38.7% 2.2% 0.3% 1.5% 
Alligator 
Deep ‘04 37.54 1.7% 12.2% 56.9% 25.3% 0.6% 0.1% 2.8% 
Black 
Coral  
Rock ‘01 
20.58 
 
13.5% 
 
30.5% 
 
34.0% 
 
11.1% 
 
4.2% 
 
1.0% 
 
4.9% 
 
Carysfort 
Deep ‘01 28.97 5.1% 22.8% 23.7% 10.3% 10.7% 6.2% 20.9% 
Carysfort 
Deep ‘03 
23.96 2.8% 11.3% 19.9% 23.3% 20.5% 11.0% 11.0% 
Carysfort 
Deep ‘04 
30.63 3.5% 13.7% 36.5% 27.3% 13.4% 4.9% 0.4% 
Carysfort 
Shallow 
‘01 35.58 12.3% 49.8% 30.3% 4.5% 0.3% 0.1% 2.6% 
Carysfort 
Shallow 
‘03 
12.57 7.4% 8.0% 20.8% 31.3% 15.9% 6.2% 10.0% 
Carysfort 
Shallow 
‘04 
45.36 39.9% 31.7% 21.2% 6.4% 0.3% 0.0% 0.0% 
 
* Highlighted region indicates size fraction analyzed for sediment constituents 
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Table 9. Grain size data for all CREMP sites (cont’d) (bold indicates median grain size) 
 
Reef Site 
and Year 
Sample 
wt. (g) 
> 2 
mm 
> 1 * 
mm 
> 0.5 * 
mm 
> 0.25 
mm 
> 0.125 
mm 
> 0.63 
mm 
< 0.063 
mm 
Conch 
Shallow 
‘01 29.81 6.9% 16.7% 39.9% 28.0% 5.0% 0.7% 2.8% 
Conch 
Shallow 
‘03 
25.61 1.6% 15.3% 52.5% 23.7% 1.2% 0.1% 4.7% 
Conch 
Shallow 
‘04 
36.27 29.5% 41.4% 24.4% 4.0% 0.4% 0.1% 0.0% 
Conch 
Deep ‘01 31.39 11.4% 51.5% 26.4% 5.6% 1.7% 0.7% 2.7% 
Conch 
Deep ‘03 27.85 15.4% 40.5% 25.1% 9.2% 2.9% 0.5% 5.2% 
East 
Sambo 
Deep ‘01 
21.86 
 
16.2% 
 
49.6% 
 
26.0% 
 
3.5% 
 
1.2% 
 
0.6% 
 
2.8% 
 
Molasses 
Deep ‘01 23.07 9.2% 42.1% 35.6% 8.4% 2.4% 0.5% 1.8% 
Molasses 
Deep ‘03 
27.26 7.5% 27.9% 42.0% 13.5% 3.5% 0.2% 4.8% 
Molasses 
Deep ‘04 
37.75 12.5% 30.4% 40.1% 14.6% 2.1% 0.1% 0.0% 
Molasses 
Shallow 
‘01 17.8 11.1% 21.3% 26.9% 15.5% 8.4% 1.2% 15.6% 
Molasses 
Shallow 
‘03 
23.27 6.3% 21.3% 32.1% 24.7% 8.0% 0.8% 6.3% 
Molasses 
Shallow 
‘04 
37.77 20.7% 50.3% 22.7% 4.8% 0.7% 0.1% 0.6% 
Rock Key 
Deep ‘01 
13.66 
 
27.3% 
 
36.5% 
 
18.7% 
 
6.9% 
 
2.6% 
 
1.2% 
 
6.7% 
 
Rock Key 
Shallow 
‘01 20.26 41.1% 44.7% 12.6% 0.7% 0.0% 0.0% 0.8% 
Rock Key 
Shallow 
‘03 
32.61 26.4% 43.5% 22.1% 2.9% 0.1% 0.0% 3.7% 
 
* Highlighted region indicates size fraction analyzed for sediment constituents 
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Table 9. Grain size data for all CREMP sites (cont’d) (bold indicates median grain size) 
 
Reef Site 
and Year 
Sample 
wt. (g) 
> 2 
mm 
> 1* 
mm 
> 0.5 * 
mm 
> 0.25 
mm 
> 0.125 
mm 
> 0.63 
mm 
< 0.063 
mm 
Rock Key 
Shallow ‘04 
29.41 11.9% 34.9% 39.7% 11.8% 1.5% 0.2% 0.0% 
Tennessee 
Shallow ‘01 30.73 5.9% 20.1% 47.0% 23.6% 1.6% 0.2% 2.0% 
Tennessee 
Shallow ‘03 
26.36 5.8% 4.3% 33.0% 48.9% 3.9% 0.7% 2.2% 
Tennessee 
Shallow ‘04 
30.46 1.9% 12.4% 51.6% 31.7% 1.1% 0.0% 0.0% 
Tennessee 
Deep ‘01 19.747 12.5% 41.5% 29.9% 8.9% 3.6% 1.0% 2.5% 
Tennessee 
Deep ‘03 
37.93 4.2% 41.9% 38.7% 10.3% 2.4% 0.5% 1.8% 
Tennessee 
Deep ‘04 
24.76 7.5% 49.6% 30.2% 8.9% 2.8% 0.5% 0.1% 
White 
Shoal 
16.93 
 
10.6% 
 
22.4% 
 
26.8% 
 
19.7% 
 
9.4% 
 
2.3% 
 
11.4% 
 
Grecian 
Rocks ‘01 25.34 0.1% 1.0% 5.5% 46.0% 43.7% 1.6% 2.1% 
Grecian 
Rocks ‘03 
22.99 0.7% 1.4% 3.7% 59.3% 23.5% 0.1% 10.4% 
Porter 
Patch ‘01 22.94 0.8% 5.5% 27.0% 42.2% 22.7% 0.7% 1.1% 
Porter 
Patch ‘03 
36.84 2.8% 9.5% 33.1% 34.3% 16.9% 1.1% 2.3% 
Porter 
Patch ‘04 
34.82 0.6% 4.6% 28.6% 43.1% 20.3% 1.3% 0.1% 
Turtle Reef 
‘01 11.31 5.0% 11.2% 20.5% 38.4% 15.8% 0.4% 8.7% 
Turtle Reef 
‘03 35.24 3.7% 4.3% 18.7% 36.2% 23.2% 5.6% 8.1% 
El 
Radabob’01 18.66 5.5% 3.7% 16.0% 27.3% 25.9% 11.5% 10.1% 
El 
Radabob’03 35.24 3.7% 4.3% 18.7% 36.2% 23.2% 5.6% 8.1% 
 
* Highlighted region indicates size fraction analyzed for sediment constituents 
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All samples from the Florida Middle Grounds were predominately sands (Table 10), with  
 
median grain size below constituent assessment range only at the Goliath Grouper site,  
 
which also was the muddiest sample (13%). Median grain sizes for eight Navassa  
 
samples are similar (Table 11); 75% are dominated by coarse sands. Site 23 and 57 had  
 
median grain sizes in the medium sand range.   
 
 
Table 10. Grain size data for Florida Middle Grounds samples (bold indicates median grain size) 
           
Reef  
Sites 
Sample 
wt. (g) 
> 2 
mm 
> 1 * 
 mm 
> 0.5 * 
 mm 
> 0.25 
mm 
> 0.125 
mm 
> 0.63 
mm 
< 0.063 
mm 
Site 151 
19.21 
 
2.9% 
 
19.2% 
 
43.3% 
 
27.7% 
 
3.4% 
 
0.2% 
 
2.4% 
 
Site 247 40.3 22.5% 35.6% 28.2% 10.3% 1.5% 0.2% 0.7% 
Site 251 29.48 32.4% 31.2% 23.7% 9.2% 1.1% 0.2% 1.3% 
Site 491 30.87 
 
12.3% 
 
20.7% 
 
42.6% 
 
18.0% 
 
4.4% 
 
0.4% 
 
1.1% 
 
Fisherman’s 38.41 23.2% 30.1% 28.1% 12.9% 2.6% 0.3% 1.7% 
Goliath 
Grouper 33.98 10.4% 15.1% 20.3% 22.6% 14.7% 3.6% 12.8% 
 
* Highlighted region indicates size fraction analyzed for sediment constituents 
 
Table 11. Grain size data for Navassa samples (bold indicates median grain size) 
 
Reef 
Sites 
Sample 
wt. (g) 
> 2 
mm 
> 1 * 
mm 
> 0.5 * 
mm 
> 0.25 
mm 
> 0.125 
mm 
> 0.063 
mm 
< 0.063 
mm 
# 19 10.25 2.1% 16.4% 39.0% 32.9% 5.9% 0.1% 2.6% 
# 57 32.22 1.12% 9.9% 22.8% 40.8% 20.5% 2.3% 2.3% 
# 86 35.88 19.9% 31.0% 31.3% 12.1% 3.3% 0.6% 0.7% 
# 117   52.19 7.3% 24.7% 49.9% 15.8% 2.0% 0.1% 0.0% 
# 62 27.64 15.1% 41.9% 29.4% 9.7% 2.6% 0.3% 0.5% 
# 23 29.6 3.3% 2.9% 19.5% 58.9% 13.9% 0.9% 0.4% 
# 38 38.323 7.9% 33.8% 47.5% 9.6% 0.5% 0.0% 0.4% 
# 88 41.41 31.9% 30.5% 29.9% 4.5% 1.2% 0.4% 0.5% 
 
* Highlighted region indicates size fraction analyzed for sediment constituents 
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Constituent Analysis  
 
As compared to the Florida Keys sites (Fig. 9), smaller percentages of unidentifiables  
 
were found in Navassa samples. Molluscs were two times higher at Navassa than at  
 
CREMP sites. Approximately 7% of constituents from the Florida Middle Grounds  
 
contained worm tubes. 
 
 
 
Figure 9. Average percentages of sediment constituents at all locations (Legend also corresponds  
                 with Figure 10) 
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Figure 10. Average percentages of sediment constituents at all regions within the Florida Keys,  
                  excluding the Key Largo sites 
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Analyses of the sources of the carbonate grains revealed that the unidentifiable  
 
group (Fig. 10; Tables 12-17) was overwhelmingly dominant at most sites. Molluscs  
 
and calcareous algae were the most common identifiable constituents throughout 
 
the Florida Keys (Fig. 9,10). Samples from Carysfort 75m and the Florida Middle  
 
Grounds were different in that they contained little to no calcareous algae and higher  
 
percentages of worm tubes. Although coral was the source of a minor fraction of  
 
constituents at all sites, somewhat higher percentages were found at the CREMP sites in  
 
the Lower Keys and Tortugas (Fig. 10). 
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Table 12. Constituent percentages for Key Largo replicate samples  
 
 
Cary 
101 
Cary 
102 
Cary 
251 
Cary 
252 
Cary 
501 
Cary 
502 
Cary 
751 
Cary 
752 
KL 
31 
KL 
32 
Coral 2.7% 2.0% 3.0% 1.0% 0.7% 0.7% 0.0% 0.0% 3.3% 3.3% 
Symbiotic  
Forams 3.7% 5.0% 6.7% 8.7% 2.3% 2.0% 18.0% 18.0% 1.7% 2.0% 
Coralline Algae 6.7% 6.3% 1.0% 2.3% 4.3% 2.0% 1.3% 1.7% 0.0% 0.3% 
Molluscs 15.3% 14.3% 19.7% 25.7% 28.0% 33.3% 35.0% 39.7% 28.7% 36.0% 
Calcareous 
Algae 9.3% 9.0% 14.7% 21.3% 15.3% 9.3% 0.3% 0.0% 39.0% 26.3% 
Echinoid Spines 0.3% 1.3% 0.0% 0.7% 0.0% 0.0% 1.0% 0.0% 1.3% 0.7% 
Worm Tubes 2.7% 1.7% 2.0% 2.7% 4.3% 3.3% 2.7% 4.0% 1.7% 0.7% 
Other 2.7% 1.0% 4.7% 6.3% 3.7% 10.7% 3.7% 7.3% 4.0% 1.0% 
Unidentifiable 56.7% 59.3% 48.3% 31.3% 41.3% 38.7% 38.0% 29.3% 20.3% 29.7% 
 
 
 KL 91 KL 92 KL 181 KL 182 3 Sis 1 3 Sis 2 
Algae 
1 
Algae 
2 WB 1 WB 2 
Coral 2.7% 1.3% 2.0% 2.3% 5.3% 4.0% 3.3% 5.0% 3.7% 4.0% 
Symbiotic  
Forams 1.3% 2.7% 1.3% 1.7% 0.0% 0.0% 1.0% 0.3% 0.0% 0.3% 
Coralline Algae 4.0% 1.7% 2.0% 1.0% 3.7% 1.3% 1.7% 1.7% 1.3% 3.3% 
Molluscs 31.3% 28.3% 22.0% 24.7% 20.3% 15.7% 14.3% 15.7% 27.0% 31.3% 
Calcar Algae 5.3% 8.3% 15.0% 15.0% 6.0% 4.0% 24.0% 20.0% 4.7% 2.7% 
Echinoid Spines 0.7% 0.3% 0.7% 1.0% 1.0% 0.0% 1.0% 0.3% 0.7% 1.3% 
Worm Tubes 0.3% 0.3% 2.0% 1.7% 0.7% 0.3% 0.7% 1.0% 1.7% 0.3% 
Other 0.0% 0.7% 0.7% 3.0% 0.3% 1.0% 1.0% 2.0% 0.3% 0.7% 
Unidentifiable 54.3% 56.3% 54.3% 49.7% 62.7% 73.7% 53.0% 54.0% 60.7% 56.0% 
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Table 13. Constituent percentages for 2001 CREMP samples  
 
 
Alli 
Deep BC 
Cary 
Deep 
Cary 
Shal 
Conch 
Shal 
Conch 
Deep 
E  
Sambo 
Mol 
Deep 
Mol  
Shal 
R Key 
Shal 
R Key 
Deep 
Coral 0.0% 15.5% 13.0% 2.7% 5.0% 4.3% 9.0% 10.3% 4.7% 8.3% 5.7% 
Sym Forams 4.3% 2.7% 2.7% 1.3% 0.0% 2.3% 3.3% 0.3% 1.3% 1.0% 1.0% 
Coralline Algae 3.0% 1.5% 2.3% 3.0% 2.0% 4.0% 1.7% 4.0% 5.0% 3.3% 0.3% 
Molluscs 13.7% 17.8% 18.7% 29.3% 9.0% 7.7% 7.7% 8.7% 10.0% 10.3% 11.3% 
Calcareous 
Algae 11.0% 3.0% 2.3% 6.3% 12.7% 12.3% 12.3% 7.0% 12.3% 12.7% 10.0% 
Echinoid Spines 0.7% 2.3% 3.0% 1.3% 0.7% 0.7% 1.0% 1.3% 0.3% 1.0% 1.7% 
Worm Tubes 1.7% 1.2% 1.3% 1.7% 0.0% 0.0% 0.7% 0.3% 0.0% 0.7% 0.0% 
Other 3.0% 0.7% 1.0% 5.0% 0.7% 1.0% 0.7% 0.3% 0.7% 1.0% 0.7% 
Unidentifiable 62.7% 55.3% 55.7% 49.3% 70.0% 67.7% 63.7% 67.7% 65.7% 61.7% 69.3% 
       
 
 
Tenn 
Shal 
Tenn 
Deep WS 
Grecian 
Rocks 
Porter 
Patch Turtle 
El 
Radabob 
Coral 8.0% 13.0% 18.3% 3.7% 3.7% 9.3% 4.7% 
Sym Forams 1.5% 1.7% 1.2% 10.7% 15.0% 0.0% 2.0% 
Coralline Algae 4.8% 1.7% 1.5% 0.3% 0.0% 1.0% 0.3% 
Molluscs 12.0% 14.0% 11.7% 32.0% 14.3% 13.7% 19.7% 
Calcareous 
Algae 10.0% 13.7% 10.0% 13.7% 11.0% 11.7% 18.0% 
Echinoid Spines 0.8% 0.3% 0.3% 0.3% 0.7% 1.7% 1.0% 
Worm Tubes 0.7% 1.0% 1.3% 3.0% 1.0% 1.3% 2.7% 
Other 1.0% 0.7% 0.7% 7.0% 0.7% 0.3% 3.0% 
Unidentifiable 61.2% 54.0% 55.0% 29.3% 53.7% 61.0% 48.7% 
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Table 14. Constituent percentages for 2003 CREMP samples  
 
 
Alli 
Deep 
Cary 
Deep 
Cary 
Shal 
Conch 
Shal 
Conch 
Deep 
Mol 
Deep Mol Shal 
R Key 
Shal 
Tenn 
Deep 
Tenn 
Shal 
Coral 0.3% 4.7% 2.3% 1.0% 4.3% 3.0% 4.7% 5.3% 6.0% 0.3% 
Sym Forams 6.3% 3.3% 4.0% 4.7% 3.0% 2.3% 0.7% 0.7% 1.0% 5.3% 
Coralline Algae 2.7% 6.7% 6.3% 4.0% 1.7% 4.7% 4.3% 4.0% 2.7% 1.0% 
Molluscs 17.0% 26.3% 29.3% 25.7% 21.3% 28.7% 29.0% 18.3% 27.0% 19.7% 
Calcareous 
Algae 9.3% 18.7% 9.7% 2.7% 10.3% 6.7% 9.7% 10.3% 16.3% 4.7% 
Echinoid Spines 0.3% 2.7% 0.7% 0.0% 0.7% 1.3% 1.3% 0.3% 1.0% 0.3% 
Worm Tubes 0.7% 1.7% 1.0% 0.3% 1.3% 1.3% 1.0% 0.7% 2.3% 0.7% 
Other 4.0% 3.3% 2.3% 0.0% 1.7% 2.7% 2.7% 4.3% 2.0% 1.7% 
Unidentifiable 59.3% 32.7% 44.3% 61.7% 55.7% 49.3% 46.7% 56.0% 41.7% 66.3% 
 
 
 
Grecian 
Rocks 
Porter 
Patch Turtle 
El Radabob 
 
Coral 3.3% 1.3% 1.3% 2.3% 
Sym Forams 8.7% 7.7% 0.3% 1.0% 
Coralline Algae 1.7% 0.0% 2.3% 0.0% 
Molluscs 24.7% 30.3% 29.0% 33.3% 
Calcareous Algae 44.7% 12.0% 10.0% 16.7% 
Echinoid Spines 1.3% 1.0% 1.0% 0.7% 
Worm Tubes 2.0% 1.3% 1.0% 1.0% 
Other 3.0% 2.3% 1.7% 2.0% 
Unidentifiable 10.7% 44.0% 53.3% 43.0% 
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Table 15. Constituent percentages for 2004 CREMP samples  
 
 
Alli 
Deep 
Cary 
Deep 
Cary 
Shal 
Conch 
Shal 
Mol 
Deep 
Mol 
Shal 
R Key 
Shal 
Tenn 
Deep 
Tenn 
Shal 
Porter 
Patch Turtle 
Coral 0.7% 1.3% 5.3% 2.0% 1.0% 2.3% 0.3% 2.7% 0.7% 0.0% 0.7% 
Sym Forams 2.3% 2.7% 0.3% 2.3% 1.7% 0.7% 2.7% 0.7% 2.3% 18.0% 6.7% 
Coralline Algae 3.3% 2.3% 1.3% 2.0% 2.0% 1.3% 1.3% 0.7% 4.0% 0.0% 1.3% 
Molluscs 24.3% 39.0% 30.3% 20.0% 42.3% 32.7% 36.0% 41.3% 27.7% 34.7% 21.3% 
Calcareous 
Algae 7.0% 7.7% 9.7% 8.7% 7.7% 13.0% 3.3% 10.3% 13.0% 13.7% 28.7% 
Echinoid Spines 0.7% 1.3% 0.7% 3.3% 0.3% 0.3% 0.0% 0.0% 1.3% 0.7% 1.0% 
Worm Tubes 1.0% 1.3% 1.7% 1.0% 0.0% 0.3% 0.0% 1.3% 0.3% 1.0% 0.3% 
Other 2.3% 1.7% 1.7% 3.3% 2.0% 3.7% 2.0% 1.0% 4.0% 3.7% 5.0% 
Unidentifiable 58.3% 42.7% 49.0% 57.3% 43.0% 45.7% 54.3% 42.0% 46.7% 28.3% 35.0% 
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Table 16. Constituent percentages for Florida Middle Grounds samples  
                                 
 
Site 
151 
Site 
247 
Site 
251 
Site 
491 Fisherman's 
Goliath 
Grouper 
Coral 4.7% 1.7% 1.7% 9.0% 1.0% 2.3% 
Symbiotic 
Forams 2.7% 2.7% 2.7% 0.7% 1.3% 1.3% 
Coralline Algae 7.3% 2.7% 2.7% 1.3% 0.7% 1.3% 
Molluscs 21.0% 31.7% 27.3% 24.7% 28.7% 25.7% 
Calcareous 
Algae 2.7% 1.0% 1.0% 1.3% 0.3% 0.7% 
Echinoid Spines 1.0% 2.0% 2.0% 0.7% 0.7% 2.3% 
Worm Tubes 4.3% 4.0% 3.7% 5.3% 16.0% 5.3% 
Other 4.0% 4.3% 2.3% 1.3% 4.7% 10.7% 
Unidentifiable 52.3% 50.0% 56.7% 55.7% 46.7% 50.3% 
 
 
 
 
Table 17. Constituent percentages for Navassa samples  
 
 
Site 
19 
(21m)  
Site 57 
(25m) 
Site  
86 
(30.7m) 
Site 
117 
(31m) 
Site  
62 
(31.3m) 
Site  
23 
(32m) 
Site  
88 
(36.7m) 
Site 38 
(37m) 
Coral 2.0% 4.0% 4.0% 2.3% 3.0% 1.3% 0.0% 0.7% 
Symbiotic  
Forams 3.0% 7.3% 2.3% 2.0% 6.3% 7.7% 12.3% 13.7% 
Coralline Algae 1.7% 1.7% 1.0% 1.0% 1.7% 7.3% 3.7% 4.3% 
Molluscs 41.0% 28.7% 33.7% 37.0% 31.0% 18.0% 31.0% 29.3% 
Calcareous 
Algae 19.0% 25.7% 14.0% 11.7% 23.7% 24.7% 13.0% 3.3% 
Echinoid Spines 0.3% 1.3% 1.3% 1.0% 0.3% 1.7% 0.3% 0.0% 
Worm Tubes 2.7% 1.3% 0.3% 0.3% 0.7% 1.0% 0.7% 2.0% 
Other 2.7% 4.0% 5.7% 1.0% 2.7% 3.3% 3.7% 3.0% 
Unidentifiable 27.7% 26.0% 37.7% 43.7% 30.7% 35.0% 35.3% 43.7% 
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Multidimensional scaling revealed that sites from different locations and years  
 
were similar to each other (Fig. 11), however, a few small trends were observed. Three  
 
loose groups were noted in the constituent data for all sites. G-1 represents most  
 
of the 2001 CREMP sites and is located in the upper left corner of the MDS plot. In the  
 
upper middle half of the figure, G-2 only contains all 6 sites from the Florida Middle  
 
Grounds. Below G-2, Navassa sites are more loosely clustered in G-3. CREMP sites for  
 
2003 and 2004 are scattered throughout the MDS plot and did not form distinct groups.  
 
Two archived Florida Keys sites were more similar to other locations than to each other.  
 
Key Largo replicates did not fall out into their own separate group, but most replicates  
 
paired with each other. 
 
 
 
 
Figure 11. MDS plot of constituent data for all locations and years 
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SIMPER analyses 
 
 Unidentifiables had the highest average abundance across all data sets and years  
 
(Fig. 9,10; Tables 18-26). The unidentifiable portion was removed from the constituent  
 
data to run the SIMPER routine, which enabled me to determine the next 3 constituent  
 
contributors at all of the regions sampled. Molluscs and calcareous algae were ranked  
 
#1 and #2 for CREMP sites in 2001, 2003, and 2004. This same trend was observed for  
 
Navassa. Worm tubes replaced calcareous algae as the #2 contributor in Florida  
 
Middle Grounds. The 3rd highest contributor at CREMP sites varied among years, with  
 
coral in 2001, symbiotic foraminifers in 2003, and other (smaller foraminifers,  
 
bryozoans, sponge spicules, etc.) in 2004.  
 
 Among site classes and across all years (Tables 23, 25-26), CREMP offshore  
 
deep reef sites have the highest overall similarity (68.0%) followed by patch reefs  
 
(65.6%) and offshore shallow sites (64.6%). Calcareous algae were the most important   
 
contributor at offshore shallow sites in 2001, and symbiotic foraminifers were 3rd in  
 
2004. The “other” group previously held that position. At the offshore deep and  
 
shallow sites, “other” replaced coralline algae at 3rd in 2004.  Grouping by location  
 
showed coral contributing the most at the Tortugas sites in 2001, which were the most  
 
similar overall of the CREMP locations (77.9%). Other than calcareous algal dominance  
 
in Upper Keys in 2001 (Table 19), molluscs prevailed in the Middle and Lower Keys.  
 
Navassa sites are slightly less similar to each other (84.0%) than those within the Florida  
 
Middle Grounds (85.1%). 
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Table 18. - SIMPER analysis output by region and year for all CREMP sediment constituent data (N-   
                   represents number of reef sites) 
 
All Keys (2001)                             N=18 
 
Average similarity: 68.44 
 
Species                Av.Abund       Av.Sim       Sim/SD       Contrib%       Cum.% 
Molluscs            40.72    24.30     4.44      35.50   35.50 
Calcareous Algae      31.72    21.73     2.64      31.75   67.25 
Coral                 21.56   11.67     1.54      17.05   84.30 
Coralline Algae        7.83     3.29     1.06       4.81   89.12 
Sym Forams             8.50     2.62     1.10       3.83   92.94 
 
All Keys (2003)                        N=14 
 
Average similarity: 83.16 
 
Species                         Av.Abund         Av.Sim          Sim/SD           Contrib%           Cum.% 
Molluscs           77.07    28.68      8.41      34.48   34.48   
Calcareous Algae       38.93    16.65     5.17 20.02   54.40 
Sym Forams           10.50    7.55     2.06       9.08   63.58 
Other                 7.21     7.25     2.34      8.71   72.30 
Coral                 8.64     7.20     2.64       8.65 80.95 
Coralline Algae       9.00     6.58     1.46       7.91 88.66 
Worm Tubes     3.50   5.38   6.33   6.47  95.33 
 
All Keys (2004)             N=12 
 
Average similarity: 82.28 
 
Species                          Av.Abund       Av.Sim         Sim/SD             Contrib%           Cum.% 
Molluscs              95.36   32.59 6.68 39.09 39.60 
Calcareous Algae              33.45    17.12 6.55 20.81 60.41  
Other                 8.27       8.73 5.50 10.61 71.02 
Sym Forams           11.00     7.09 2.63   8.61 79.63 
Coralline Algae        5.36     6.00 1.92   7.29 86.92 
Coral     4.64   4.68 1.72   5.69 92.62 
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Table 19. - SIMPER analysis output year for CREMP Upper Keys sediment constituent data (N-  
                   represents number of reef sites) 
 
Upper Keys (2001)            N=10 
 
Average similarity: 70.45 
 
Species                         Av.Abund         Av.Sim           Sim/SD           Contrib%          Cum.% 
Calcareous Algae      36.90    26.31     3.30      37.35   37.35 
Molluscs            46.10    24.14     3.94      34.27   71.62 
Coral                 18.20    10.25     2.28      14.55   86.17 
Coralline Algae          6.10     2.76     0.90       4.39   90.08 
 
Upper Keys (2003)            N=10 
 
Average similarity: 83.82 
 
Species                          Av.Abund        Av.Sim           Sim/SD           Contrib%          Cum.% 
Molluscs           83.30    29.95      8.41      35.73                35.73 
Calcareous Algae              42.30    16.41   4.73     19.58   55.31 
Coral                 8.50     7.98     5.13   9.52   73.54 
Sym Forams           10.70     7.38    2.24       8.08 81.39 
Other                 6.50     6.76     1.95       7.75   88.42 
Coralline Algae       9.50     5.24     1.17     7.03   95.02 
 
Upper Keys (2004)            N=8 
Average similarity: 81.71 
 
Species                          Av.Abund        Av.Sim          Sim/SD            Contrib%          Cum.% 
Molluscs           94.43   30.85   6.93 37.75 37.75 
Calcareous Algae             38.14    17.92 11.35 21.93 59.68 
Other                 9.00     8.91   6.23 10.90 70.59 
Sym Forams         13.86     6.58   2.25   8.05 78.64 
Coralline Algae         4.43     5.26   1.51   6.43 85.07 
Coral                 5.43     4.63   1.41   5.67 90.74 
 
Upper Keys (Overall)                       N=28 
Average similarity: 69.40 
 
Species                          Av.Abund         Av.Sim         Sim/SD            Contrib%           Cum.% 
Molluscs           72.41 35.19   2.57 50.70 50.70 
Calcareous Algae             39.22 18.88   2.75 27.20 77.91      
Coral               10.15   4.09   1.14   5.90 83.80 
Sym Forams         12.22   3.52   1.07   5.07 88.87 
Other               6.96   2.62   1.60   3.78 92.65    
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Table 20. - SIMPER analysis output by year for Middle Keys sediment constituent data (N- represents  
                   number of reef sites) 
 
Middle Keys (2001)                           N=3 
Average similarity: 65.87 
 
Species                          Av.Abund        Av.Sim           Sim/SD           Contrib%           Cum.% 
Molluscs            35.67    25.40     3.89      38.56   38.56 
Calcareous Algae      32.33    22.66     6.55      34.40   72.96 
Coralline Algae       13.33     5.62     2.17       8.54   81.50 
Sym Forams             7.67    4.35   10.86       6.60   88.10 
Other                  5.33     2.70     1.49       4.09   92.19 
 
Middle Keys (2003)                          N=3 
 
Average similarity: 81.47 
 
Species                          Av.Abund        Av.Sim          Sim/SD            Contrib%           Cum.% 
Molluscs           63.67    27.25 11.58      33.45 33.45 
Calcareous Algae   30.33    15.71     6.90 19.28   52.48 
Sym Forams           12.67     9.52     1.64     11.68   64.41 
Other             7.67     8.57    19.25    10.52   74.94 
Coralline Algae       6.33     7.71     4.32   9.46   84.40 
Worm Tubes            3.67     5.27    11.98       6.46   90.86 
 
Middle Keys (2004)                         N=3 
 
Average similarity: 83.16 
 
Species                          Av.Abund         Av.Sim          Sim/SD           Contrib%          Cum.% 
Molluscs           93.33   32.13 27.85 38.63 38.63 
Calcareous Algae   30.33    18.05   9.83 21.71 60.34 
Other                7.33     7.47   4.16   8.99 69.33 
Coralline Algae       8.00     7.31   2.06   8.78 78.11 
Sym Forams            5.33     6.68   2.70   8.04 86.15  
Coral     4.00   5.20   28.61   6.26 92.41 
 
Middle Keys (Overall)                                    N=9 
Average similarity: 68.71 
 
Species                          Av.Abund         Av.Sim          Sim/SD           Contrib%          Cum.% 
Molluscs           64.22 34.53   3.29 50.26 50.26 
Calcareous Algae       31.00 18.11   3.89 26.36 76.62 
Coralline Algae       9.22   4.24   1.72   6.17 82.80 
Sym Forams            8.56   4.08   1.33   5.94 88.74 
Other     6.78    3.57   1.90   5.20 93.24 
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Table 21. - SIMPER analysis output by year for Lower Keys sediment constituent data (N- represents  
                   number of reef sites) 
 
Lower Keys (2001)           N=3 
 
Average similarity: 75.46 
 
Species                         Av.Abund         Av.Sim           Sim/SD           Contrib%           Cum.% 
Molluscs            25.67    22.79       5.55      30.20   30.20 
Coral                 24.00    22.37      4.15      29.65   59.85 
Calcareous Algae      22.00    19.42      7.96      25.74   85.59 
Echinoid Spines         4.67     5.02      5.20      6.65   92.24 
 
Lower Keys (Overall)  
Average similarity: 75.46 
 
Species                         Av.Abund          Av.Sim          Sim/SD           Contrib%           Cum.% 
Molluscs           48.00    24.72       3.28 40.81 40.81 
Calcareous Algae             21.40 15.24   2.32 25.16 65.97 
Coral   22.00    11.45   1.15 18.90  84.87 
Coralline Algae     4.67     3.34   1.15   5.51 90.39 
 
 
 
Table 22. - SIMPER analysis output by year for Tortugas sediment constituent data (N- represents number  
                   of reef sites) 
 
Tortugas (2001)           N=2 
 
Average similarity: 78.81 
 
Species                          Av.Abund          Av.Sim           Contrib%         Cum.% 
Coral                 51.50    34.46      44.34   44.34 
Molluscs           44.00    26.22      33.65    77.88 
Calcareous Algae      19.50     6.74        8.65     86.54 
Sym Forams            6.00     2.97        3.85   90.38 
 
Tortugas (Overall) – same as above 
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Table 23. - SIMPER analysis output by year for offshore deep sediment constituent data (N- represents  
                   number of reef sites) 
 
Offshore Deep (2001)                                        N=6 
 
Average similarity: 79.81 
 
Species                      Av.Abund            Av.Sim           Sim/SD           Contrib%          Cum.% 
Molluscs            42.13 21.42   9.38 26.84 26.84 
Calcareous Algae          28.38 17.86   3.74 22.37 49.21 
Coral                 22.88 11.86   1.51 14.86 64.07 
Coralline Algae        7.50   7.96   2.79   9.97 74.04  
Sym Forams             6.00   7.03   3.27   8.81 82.84 
Echinoid Spines        3.38       5.46   3.18   6.84 89.69 
Other     4.38   5.30   4.07   6.64 96.33 
 
Offshore Deep (2003)           N=5 
 
Average similarity: 85.35 
 
Species                         Av.Abund         Av.Sim         Sim/SD             Contrib%           Cum.% 
Molluscs           68.75    25.28 17.37 29.62 29.62 
Calcar Algae         41.00    18.55 13.50 21.73 51.35 
Coralline Algae      10.25     8.30   8.29   9.73 61.08 
Other                 8.25     8.08   7.06   9.46 70.55 
Sym Forams          10.25     7.90   3.09   9.25 79.80 
Coral                11.50     7.45   1.69   8.73 88.53 
Worm Tubes     4.50   5.69   6.01     6.67 95.20 
 
Offshore Deep (2004 )                         N=4 
 
Average similarity: 86.99 
 
Species                         Av.Abund          Av.Sim         Sim/SD            Contrib%           Cum.% 
Molluscs          110.25    36.22   7.62 41.64 41.64 
Calcar Algae         24.50    17.46 28.41 20.08 61.72 
Other                  5.25     7.52   6.21   8.64 70.36 
Coralline Algae       6.25     7.30   3.35   8.39 78.75 
Sym Forams            5.50     7.03   3.63   8.08 86.83 
Coral     4.25   6.02   7.23   6.92 93.74 
 
Offshore Deep (Overall)                      N=15 
Average similarity: 68.07 
 
Species                          Av.Abund         Av.Sim        Sim/SD             Contrib%           Cum.% 
Molluscs           67.00 33.04 2.77 48.54                48.54 
Calcareous Algae             29.94 17.16 2.69 25.20 73.74 
Coral                                14.94   5.57 0.91   8.19 81.93 
Coralline Algae       8.24   3.99 1.71   5.86 87.79 
Sym Forams            6.94   3.25 1.66   4.77 92.56 
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Table 24. - SIMPER analysis output by year for Florida Middle Grounds and Navassa constituent data 
                    
Middle Grounds (2003)                                   N=6 
 
Average similarity: 85.13 
 
Species                          Av.Abund         Av.Sim         Sim/SD            Contrib%           Cum.% 
Molluscs           79.50    30.12 12.65 35.38 35.38  
Worm Tubes           19.33   12.54     12.20 14.73 50.11 
Other                13.67    9.82     4.34     11.54 61.65 
Coral                10.17    7.83   4.38   9.20 70.85 
Coralline Algae       8.00     6.94   3.97   8.15 79.00 
Sym Forams            5.67    6.93   4.03   8.14 87.14 
Echinoid Spines     4.33   5.94   4.13   6.98 94.11 
 
Navassa (2004)                       N=8 
Average similarity: 84.00 
 
Species                         Av.Abund          Av.Sim          Sim/SD           Contrib%           Cum.% 
Molluscs          93.63    28.28     7.01     33.67 33.67 
Calcareous Algae    50.63    18.05   3.68 21.49 55.15  
Sym Forams           20.50   10.59   3.30 12.61 67.77 
Other                 9.75    8.31     5.13   9.89 77.66 
Coralline Algae       8.38     6.65   4.17   7.92 85.58 
Coral                 6.50     5.07   1.50   6.03 91.61 
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Table 25. - SIMPER analysis output by year for offshore shallow sediment constituent data 
 
Offshore Shallow (2001)                          N=7 
 
Average similarity: 78.93 
 
Species                          Av.Abund         Av.Sim        Sim/SD            Contrib%            Cum.% 
Calcareous Algae     32.00    19.86     5.05      25.16   25.16   
Molluscs          36.33    18.63   8.89 23.60 48.76 
Coral                 16.17     8.90     4.59 17.51 66.28 
Coralline Algae        9.83     8.23     2.15     10.42 76.70 
Other                  6.17     6.56     9.05      8.31 85.01 
Echinoid Spines     2.83   5.50   3.32   6.97 91.98 
 
Offshore Shallow (2003)                          N=7 
 
Average similarity: 81.65 
 
Species                          Av.Abund        Av.Sim           Sim/SD           Contrib%           Cum.% 
Molluscs           75.14    28.21   8.13 35.13 35.13 
Calcareous Algae    37.86    14.12   5.51 17.30 52.43 
Coralline Algae      11.14     9.51   3.08 11.64 64.07 
Sym Forams          11.29     8.09   2.11   9.91 73.98 
Coral                 8.57     7.18   2.69   8.80 82.78 
Other                 7.14     6.19   1.53   7.53 90.36 
 
 Offshore Shallow (2004)                          N=6 
 
Average similarity: 83.18 
 
Species                         Av.Abund         Av.Sim           Sim/SD           Contrib%           Cum.% 
Molluscs           88.00    32.54   7.07 39.12 39.12 
Calcareous Algae    28.60    16.48   4.68 19.81 58.93 
Other                 8.80      9.60   6.86 11.54 70.47 
Coralline Algae       6.00     7.59 13.94   9.13 79.60 
Sym Forams             5.00     6.05   2.12   7.27 86.87 
Coral     6.40  5.78   2.54   6.95 93.82 
 
Offshore Shallow (Overall)         N=20 
Average similarity: 64.61 
 
Species                          Av.Abund         Av.Sim         Sim/SD            Contrib%           Cum.% 
Molluscs          63.13 32.30   2.10 49.99 49.99 
Calcareous Algae   33.87 15.88   2.12 24.58 74.58 
Coralline Algae       9.33   4.52   1.67   6.99 81.57 
Coral     9.20   3.59   0.87   5.55 87.12 
Sym Forams             8.47   3.55   1.21   5.50 92.62 
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Table 26. - SIMPER analysis output by year for patch reef sediment constituent data 
 
Patch Reefs (2001)            N=3 
 
Average similarity: 79.95 
 
Species                          Av.Abund         Av.Sim          Sim/SD          Contrib%            Cum.% 
Molluscs            39.67    23.20 15.07 29.02 29.02 
Calcareous Algae      32.67   21.24 20.34 26.57 55.58 
Coral                 31.33    15.19   3.34 19.00 74.58 
Worm Tubes             3.67     6.95 10.12   8.70 83.28 
Echinoid Spines        2.67     4.35   4.37   5.44 88.72 
Other     1.67   4.32   5.53   5.41 94.13 
 
Patch Reefs (2003)          N=2 
 
Average similarity: 85.68 
 
Species                          Av.Abund         Av.Sim        Contrib%           Cum.% 
Molluscs            89.00    34.00      39.68   39.68 
Calcareous Algae    33.00    19.97             23.30   62.99 
Other                 6.00     8.15     9.51   72.50 
Coral                 4.00     7.29     8.51   81.01 
Echinoid Spines       3.00     6.31   7.37 88.38 
Worm Tubes     3.50   6.31   7.37 95.75 
 
Patch Reefs (2004)          N=2 
 
Average similarity: 79.15 
 
Species                        Av.Abund          Av.Sim           Contrib%         Cum.% 
Molluscs          84.00    25.73  32.51 32.51 
Calcareous Algae     63.50    20.60    26.02 58.53 
Sym Forams          37.00    14.39    18.17 76.71 
Other               13.00   10.67    13.48 90.19 
 
Patch Reefs (Overall)          N=7 
Average similarity: 65.02 
 
Species                        Av.Abund          Av.Sim           Sim/SD          Contrib%           Cum.% 
Molluscs          66.43 31.11   3.26      47.85 47.85 
Calcareous Algae 41.57 20.68   8.51 31.80 79.65  
Sym Forams          37.00     4.70   0.69   7.23 86.88 
Coral               13.00    3.07   0.62   4.71 91.60  
 
 
 
 
 
 
  49 
Sample variation was constrained to a 2-D plane for the Principle Component  
 
Analysis (PCA) (Fig. 12).  The PC axes representing combinations of variables (Clarke  
 
and Gorley, 2001). This analysis illustrated patterns in sediment composition that  
 
describe variation in samples. Negative values on PC 1 represent more molluscs while  
 
calcareous algae prevails as values become positive on PC 2. Together PC1 and PC2 
 
explained 64% of the variation observed. 
 
 
 
 
Figure 12. Principle Component Analysis for 2001 CREMP sites 
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SEDCON INDEX CALCULATION 
 
The major objective of this project was to develop an index that converts the  
 
sediment constituent data into a single metric that reflects community structure at a site.   
 
The equation utilized was modified from one proposed by Hallock (2003); details are  
 
presented in Table 27.  Sediment constituent categories, shown in Table 6, were further  
 
combined into four groups. Coral (Pc) and larger foraminifers (Pf) are calculated  
 
separately but together represent sediment production by symbiont-bearing organisms.   
 
Coralline and calcareous algae were combined with identifiable grains produced by the  
 
heterotrophic organisms (i.e., molluscs, smaller foraminifers, echinoids, bryozoans, etc.)  
 
to represent sediment production dominated by autotrophic calcifiers and heterotrophic  
 
consumers (Pah).  The final category, unidentifiable grains (Pu), is interpreted to represent  
 
communities where biological alteration of carbonate framework and grains is a  
 
dominant process. 
 
 
Table 27. SEDCON Index (SI) Calculation  (modified from Hallock, 2003) 
 
               SI= (10* Pc)+(8*Pf)+ (2*Pr)+(2*Pah)+(0.1*Pu)     
 
 
                Where,           Pc= Nc / T, 
                                       Pf= Nf / T, 
                                       Pah= Nah / T, 
                                       Pu= Nu / T 
 
                And,               T  =   total number of grains counted (300 per sample) 
                                       Nc=   number of coral grains  
                                       Nf=   number of symbiont bearing foraminifers 
                                       Nah= number of coralline algae, calcareous algae, and   
                                                heterotroph skeletal grains 
                                       Nu=   number of unidentifiable grains 
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Theoretical range for the SEDCON Index is 0.1 – 10. 
  
 An example of index application for a set of hypothetical samples is provided  
 
below: 
 
         Sample 1:   50% coral, 40% symbiotic forams, 10% unidentifiable;  SI = 8.1 
 
         Sample 2:   25% coral, 20% symbiotic forams, 40% auto/heterotrophs , 15%  
                            unidentifiable;   SI = 4.9 
 
          Sample 3:  5% coral, 10% symbiotic forams, 15% auto/heterotrophs, 70%  
                            unidentifiable;   SI = 1.7 
  
Sample 1 contained 90% recognizable coral and larger foraminifera, which resulted in a  
 
high SI value (Fig. 13). This indicates that symbiotic calcification and physical erosion  
 
dominate at that site. A combination of physical erosion, autotrophy, and heterotrophy 
 
are primarily affecting community structure in Sample 2. For Sample 3, 85% of  
 
constituents were either composed primarily of skeletal fragments of autotrophs and  
 
heterotrophs or bioeroded material, hence the lowest SI value of the three samples.  
 
Bioerosion is the dominant process at the reef site where Sample 3 was collected. 
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Figure 13. SEDCON Index distribution of example calculations with dominant processes 
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RESULTS OF INDEX CALCULATIONS 
 
 Differences in SEDCON Index values among Key Largo replicates range from  
 
0.03 – 0.32 (Table 28). The mean SI value was 1.4. (Fig. 14). Carysfort 10m, 50m,  
 
and Key Largo 9m sites had a difference of 0.03 between replicates. About 75% of the  
 
sediment sample was unidentifiable at 3 Sister 2, which resulted in the lowest SI value for  
 
all replicates. Carysfort 75m was the deepest site and had the highest values for this  
 
group, 2.36 and 2.52. Replicates from Key Largo 3m, 6m, 9m, and 18m (Table 28) did  
 
not show covariance of SI values with depth.    
 
Table 29 displays the higher variability exhibited for 2001 SEDCON Index values  
 
between reef sites. Although the Tennessee Shallow (SI= 1.05) and Deep (SI = 2.11) sites  
 
are in relatively close proximity, they vary substantially from each other. The shallow  
 
site has a greater fraction of unidentifiables, and smaller percentages of coral, molluscs,  
 
and calcareous algae than the deep site. Carysfort and Conch reefs follow the  
 
same trend of the deeper site with a larger SI value, however the opposite was found for  
 
Rock Key sites. Black Coral Rock (BC), White Shoals (WS), Grecian Rocks, Porter  
 
Patch, and Tennessee Deep have SI values  > 2 (Fig. 15). While these sites have similar  
 
SI values, each has different sediment constituent signature. For example, the proportion  
 
of symbiotic foraminifers at Porter Patch is 15% and 1.2% for White Shoals (Table 29).  
 
Grecian Rocks has twice as many autotrophs and heterotrophs as nearby Porter Patch.  
 
 Those sites that fell at the lower end of the SI range include Alligator Deep,  
 
Carysfort Shallow, Tennessee Shallow, Molasses Deep, Rock Shallow and Deep  
 
(Table 29). A higher percentage of symbiotic foraminifers were found at Rock Key  
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Shallow (SI= 1.24) and Deep (SI = 1.20) as compared to Alligator Deep (SI= 1.07).  
 
Carysfort Shallow had a number of coral fragments, yet contained the 2nd highest  
 
number of unidentifiables. Tables 30 - 31 contain SI datasheets for 2003 and 2004  
 
CREMP sites. 
 
 Archived samples of reef sediments from 1986 were analyzed (Fig. 15), and only 
 
Carysfort Deep had greater SI values compared to 2001-2004 data from those sites.  
 
The mid 1980s, Tennessee Deep sample had a SI Value of 1.58 compared with 2.75 for  
 
Carysfort Deep. The highest SI value for an offshore shallow site was recorded at  
 
Grecian Rocks (SI= 2.56) in 2003. Tennessee Shallow displays a persistent increase in SI  
 
values, whereas Tennessee Deep decreased (Fig. 15). From 2001 to 2003, SI values for  
 
Carysfort Shallow and Rock Key Shallow rose, then decreased for 2003 to 2004. This  
 
trend also occurred at three deep sites: Carysfort, Molasses, and Alligator Deep (Fig. 15). 
 
Tennessee Shallow consistently improved between 2001 and 2004. The patch reefs,  
 
Turtle and Porter Patch, followed a trend opposite the offshore shallow and deep sites.  
 
Both show a substantial decrease from 2001 to 2003, then a 0.6 - 0.8 SI value increase in  
 
2004. In 2003-2004, a larger proportion of symbiotic foraminifers were found at Turtle  
 
and Porter Patch. Sites that declined in SI value > 0.5, contained increasing numbers of  
 
molluscs.   
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Table 28. -  Functional group percentages and SEDCON Index values for Key Largo replicates  
 
           
 
Cary 
101 
Cary 
102 
Cary 
251 
Cary 
252 
Cary 
501 
Cary 
502 
Cary 
751 
Cary 
752 KL 31 KL 32 
Pc 2.7% 2.0% 3.0% 1.0% 0.7% 0.7% 0.0% 0.0% 3.3% 3.3% 
Pf 3.7% 5.0% 6.7% 8.7% 2.3% 2.0% 18.0% 18.0% 1.7% 2.0% 
Pah 36.9% 33.7% 42.0% 59.0% 55.7% 58.6% 44.0% 52.7% 74.7% 65.0% 
Pu 56.7% 59.3% 48.3% 31.3% 41.3% 38.7% 38.0% 29.3% 20.3% 29.7% 
           
SI Value 1.36 1.33 1.72 2.00 1.41 1.44 2.36 2.52 1.98 1.82 
 
 
           
 KL 91 KL 92 KL 181 KL 182 3 Sis 1 3 Sis 2 Algae 1 Algae 2 WB 1 WB 2 
Pc 2.7% 1.3% 2.0% 2.3% 5.3% 4.0% 3.3% 5.0% 3.7% 4.0% 
Pf 1.3% 2.7% 1.3% 1.7% 0.0% 0.0% 1.0% 0.3% 0.0% 0.3% 
Pah 41.7% 39.7% 42.4% 46.3% 32.0% 22.3% 42.7% 40.7% 35.6% 39.7% 
Pu 54.3% 56.3% 54.3% 49.7% 62.7% 73.7% 53.0% 54.0% 60.7% 56.0% 
           
SI Value 1.36 1.33 1.21 1.34 1.24 0.92 1.32 1.39 1.14 1.28 
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Table 29.  – Functional groups and SEDCON Index values for 2001 and archived CREMP sites  
 
 
Alli 
Deep 
BC 
 
Cary 
Deep 
Cary 
Shal 
Conch 
Shal 
Conch 
Deep 
E 
Sambo 
Mol 
Deep 
Mol 
Shal 
R Key 
Shal 
Pc 0.0% 15.3% 2.7% 5.0% 4.3% 9.0% 10.3% 4.7% 8.3% 8.0% 
Pf 4.3% 2.7% 1.3% 0.0% 2.3% 3.3% 0.3% 1.3% 1.0% 0.7% 
Pah 33.0% 26.7% 46.7% 25.0% 25.7% 24.0% 21.7% 28.3% 29.0% 15.3% 
Pu 62.7% 55.3% 49.3% 70.0% 67.7% 63.7% 67.7% 65.7% 61.7% 76.0% 
           
SI Value 1.07 2.34 1.36 1.07 1.20 1.71 1.56 1.21 1.56 1.24 
 
 
 
R Key 
Deep 
Tenn 
Shal 
Tenn 
Deep WS 
Grecian 
Rocks 
Porter 
Patch Turtle 
El 
Radabob 
Cary 
Deep 
‘ 85 
Tenn 
Deep 
‘86 
Pc 5.7% 3.0% 13.0% 18.3% 3.7% 3.7% 9.3% 4.7% 16.7% 3.0% 
Pf 1.0% 1.7% 1.7% 1.2% 10.7% 15.0% 0.0% 2.0% 3.3% 5.7% 
Pah 24.0% 27.6% 31.3% 25.5% 56.0% 27.6% 28.7% 44.6% 38.3% 38.3% 
Pu 69.3% 67.7% 54.0% 55.0% 29.3% 53.7% 61.0% 48.7% 58.7% 56.0% 
           
SI Value 1.20 1.05 2.11 2.49 2.38 2.17 1.59 1.57 2.75 1.58 
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Table 30.  - Functional group percentages and SEDCON Index values for 2003 CREMP sites 
 
 
 
Alli 
Deep 
Cary 
Deep 
Cary 
Shal 
Conch 
Shal 
Conch 
Deep 
Mol 
Deep Mol Shal 
Pc 0.3% 4.7% 2.3% 1.0% 4.3% 3.0% 4.7% 
Pf 6.3% 3.3% 4.0% 4.7% 3.0% 2.3% 0.7% 
Pah 34.1% 59.3% 49.4% 32.6% 37.0% 45.4% 47.9% 
Pu 59.3% 32.7% 44.3% 61.7% 55.7% 49.3% 46.7% 
        
SI Value 1.28 1.95 1.58 1.19 1.47 1.44 1.53 
 
 
 
R Key 
Shal 
Tenn 
Shal 
Tenn 
Deep 
Grecian 
Rocks 
Porter 
Patch 
Turtle 
 
El 
Radabob 
Pc 5.3% 0.3% 6.0% 3.3% 1.3% 1.3% 2.3% 
Pf 0.7% 5.3% 1.0% 8.7% 7.7% 0.3% 1.0% 
Pah 38.0% 28.3% 51.3% 77.3% 47.0% 45.1% 53.7% 
Pu 56.0% 66.3% 41.7% 10.7% 44.0% 53.3% 43.0% 
        
SI Value 1.40 1.09 1.75 2.58 1.73 1.11 1.43 
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Table 31.  - Functional group percentages and SEDCON Index values for 2004 CREMP sites  
 
 
 
Alli 
Deep 
Cary 
Deep 
Cary 
Shal 
Conch 
Shal 
Mol 
Deep 
Mol 
Shal 
R Key 
Shal 
Tenn 
Shal 
Tenn 
Deep Porter Turtle 
Pc 0.7% 1.3% 5.3% 2.0% 1.0% 2.3% 0.3% 0.7% 2.7% 0.0% 0.7% 
Pf 2.3% 2.7% 0.3% 2.3% 1.7% 0.7% 2.7% 2.3% 0.7% 18.0% 6.7% 
 Pah 38.7% 53.3% 45.4% 38.3% 54.3% 51.3% 42.7% 54.3% 50.6% 53.7% 57.6% 
Pu 58.3% 42.7% 49.0% 57.3% 43.0% 45.7% 54.3% 46.7% 42.0% 28.3% 35.0% 
            
SI Value 1.09 1.46 1.52 1.21 1.36 1.36 1.15 1.31 1.46 2.54 1.79 
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 The Florida Middle Grounds averaged 50%-55% for the unidentifiable fraction  
 
 (Table 32). SI values for the Florida Middle Grounds (Fig. 17) ranged from  
 
1.22 (Site 251) to 1.70 (Site 491), with a mean of 1.4. The worm tubes and the “other”  
 
group were more abundant than calcareous algae. At all sites, two groups comprised  
 
more than 85% of the sediment fraction: Pah and the unidentifiables. Sites with the largest  
 
coral fractions were Site 151 and 491, and Site 251 had the highest unidentifiables. More  
 
of the worm tubes were found at the Fisherman’s, which contributed to the largest Pah of  
 
all Florida Middle Grounds sites.  
 
 
Table 32.  - Functional group percentages and SEDCON Index values for Florida Middle Grounds sites  
 
 
Site 
151 
Site 
247 
Site 
251 
Site 
491 Fisherman's 
Goliath 
 Grouper 
Pc 4.7% 1.7% 1.7% 9.0% 1.0% 2.3% 
Pf 2.7% 2.7% 2.7% 0.7% 1.3% 1.3% 
 Pah 33.0% 43.0% 36.3% 33.3% 50.3% 44.7% 
Pu 52.3% 50.0% 56.7% 55.7% 46.7% 50.3% 
       
SI Value 1.54 1.34 1.22 1.70 1.27 1.31 
 
 
Half of the Navassa sites (N=4) had an SI Value of 2 or greater (Fig. 18) and  
 
the overall mean for the sites was 1.9. In the shallowest areas sampled, Site 19 and 57,  
 
approximately 2/3 of the sediment were skeletal grains, primarily molluscs (Table 33).  
 
Only the Site 117 and 88 contained unidentifiable fractions > 40%. An unexpected  
 
observation was the high percentages of symbiotic-bearing foraminifers at Site 88. In  
 
addition, Site 19 contained the largest mollusc numbers of any reef site sampled,  
 
including CREMP sites. 
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Table 33.  - Functional group percentages and SEDCON Index values for Navassa sites 
 
 
Site 
19 
(21m)  
Site 
 57 
(25m) 
Site  
86 
(30.7m) 
Site 
117 
(31m) 
Site  
62 
(31.3m) 
Site  
23 
(32m) 
Site  
88 
(36.7m) 
Site  
38 
(39m) 
Pc 2.0% 4.0% 4.0% 2.3% 3.0% 1.3% 0.0% 0.7% 
Pf 3.0% 7.3% 2.3% 2.0% 6.3% 7.7% 12.3% 13.7% 
Psk 65.3% 60.7% 55.0% 51.0% 58.0% 49.0% 48.7% 37.9% 
Pu 27.7% 26.0% 37.7% 43.7% 30.7% 35.0% 35.3% 43.7% 
         
SI Value 1.81 2.27 1.74 1.48 2.04 1.90 2.07 2.04 
 
 
 
 A comparison of sites at the extremes of the SEDCON Index distribution is  
 
illustrated in Figure 18. The sample from Grecian Rocks in 2003 (SI= 2.58) is composed  
 
primarily of calcareous algae and molluscs The sample from Alligator Deep in 2001  
 
(SI= 1.07), contained a much greater fraction of unidentifiable grains. 
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Figure 14. Intrasite variability at Key Largo sampling locations (orange line represents mean SI value)
 62 
 
 
 
 
Figure 15. SEDCON Index inter-site and temporal variability for CREMP sites (arrows refer to sites examined in Figure 16)
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Figure 16.  Comparison of constituent composition at CREMP sites with highest (SI= 2.58) and  
                    lowest (SI= 1.07) SEDCON Index values 
 
 
  
 
Figure 17. Florida Middle Grounds SEDCON Index Values (orange line represents mean SI value) 
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Figure 18. Navassa SEDCON Index Values (orange line represents mean SI value) 
       
 
 
Inter-region evaluation for CREMP sites 
 
 Although only two sites in the Tortugas were sampled in 2001, these sites had the  
 
highest mean SI value among all regions (Table 34). Samples were not obtained in the  
 
area for 2003 and 2004. Aside from the Tortugas, the Upper Keys have consistently  
 
higher SI values than other regions. Greater interannual fluctuations of the SI occurred at  
 
Lower Keys sites, however fewer samples were available for the Lower or Middle Keys  
 
as compared to the Upper Keys. Table 35 separates regions by site class. The two  
 
Tortugas sites, White Shoal and Black Coral Rock, retained the highest SI values in 2001.  
 
The Middle Keys offshore shallow sites had lowest values. Upper Keys patch reefs  
 
demonstrate the greatest  fluctuations, and as Figure 15 shows, those fluctuations were  
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consistent at both sites (Table 35).  
 
Table 34. Mean SEDCON Index values for Florida Keys inter-region assessment (--- indicates no data) 
 
Region N 2001 SI N 2003 SI N 2004 SI 
Upper Keys 10 1.56 + 0.48 10 1.60 + 0.43 8 1.61 + 0.45 
Middle Keys 3 1.35 + 0.61 3 1.37 + 0.34 3 1.28 + 0.19 
Lower Keys 3 1.26 + 0.20 1 1.40 + 0.00 1 1.15 + 0.00 
Tortugas 2 2.37 + 0.10 0 --- 0 --- 
 
 
 
Table 35. Inter-region assessment of mean SI values for CREMP sites by site class (--- indicates no data; P  
                 indicates patch reef, OS for offshore shallow, OD for offshore deep) 
 
Region/ Site 
Class 
N 2001 SI N 2003 SI N 2004 SI 
Upper P 2 1.88 + 0.41 2 1.40 + 0.47 2 2.17 + 0.53 
Upper OS 5 1.49 + 0.53 5 1.65 + 0.54 4 1.36 + 0.16 
Upper OD 3 1.43 + 0.26 3 1.62 + 0.29 2 1.40 + 0.07 
Upper HB 1 1.57 + 0.00 1 1.43 + 0.00 0 --- 
Middle OS 1 1.05 + 0.00 1 1.09 + 0.00 1 1.31 + 0.00 
Middle OD 2 1.59 + 0.74 2 1.51 + 0.33 2 1.27 + 0.26 
Lower OS 1 1.24 + 0.00 1 1.40 + 0.00 1 1.15 + 0.00 
Tortugas P 1 2.49 + 0.00 0 --- 0 --- 
Tortugas OD 1 2.34 + 0.00 0 --- 0 --- 
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Nevertheless, for CREMP sites, mean SI values did not change over the years 
 
sampled (Fig. 19; Table 36). 
 
 
 
Figure 19. Mean SI value for CREMP sites (2001, 2003, and 2004) 
 
Variability within Florida Keys reef tract sites was compared with intersite  
 
variability using analysis of variance (Table 36). Intrasite variability was found to be  
 
insignificant at the Key Largo sites (p-value = 0.756), while differences were significant  
 
for comparisons between sites (p-value = <0.001). Similarly, CREMP sites with 2 and 3  
 
years of data showed no significant variability between years (p-values = 0.756 and  
 
0.704), while differences among sites were significant (p-values = < 0.002, 0.044). 
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Table 36. Analysis of Variance (ANOVA) results for SEDCON Index values at Key Largo and CREMP   
                 sites  
 
Key Largo Replicates (One Way ANOVA) 
   
Source of Variation SS df MS F p-value 
Between Sites 3.093 9 0.343 25.753 < 0.001 
Within Sites 0.017 1 0.017 0.098 0.756 
Error 0.115 9 0.012   
         
 
CREMP  (Two Way ANOVA—3 year data) 
 
Source of Variation SS df MS F p-value 
Among Sites  2.731 10 0.273 4.286 < 0.002 
Among Years 0.016 2 0.008 0.132 0.876 
Error 1.274 20 0.063   
 
 
CREMP (Two Way ANOVA—2 year data) 
 
Source of 
Variation SS df MS F P-value 
Among Sites  1.179 2 0.589 21.668 0.044 
Among Years 0.005 1 0.005 0.191 0.704 
Error 0.054 2 0.027   
                    
 
Comparison of SI with benthic cover data 
 
 Percent live coral cover was regressed against SI values for all sites, excluding the  
 
Key Largo replicates. A correlation of 0.48 (p-value = 0.00) was observed (Fig. 20),  
 
when incorporating sites from multiple locations. Most sites where SI did not correlate  
 
well with coral cover were from reef sites at depths greater than 20m. In 2001, the  
 
relationship for only CREMP sites (Fig. 21) was significant and fairly strong with a  
 
Spearman R = 0.67 (p-value = 0.00). Black Coral Rock, a 25m depth sites, contained the  
 
highest coral cover, and again represented an outlier. El Radabob, an Upper Keys  
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hardbottom site, had a comparable SI value to most of the offshore shallow sites,  
 
however it has no coral cover. Subsequent analyses for 2003-2004 indicate weaker  
 
correlations between the SI and percent coral cover (R = 0.46,  p-value = 0.09; R = 0.42,  
 
p-value = 0.19). I also ran correlations with macroalgal cover to determine if any  
 
relationship exists. Spearman R values for all years did not exceed 0.21 and were not  
 
significant (Table 37). Furthermore, there was no significant correlation between Porifera  
 
cover and SI values.    
 
Table 37. Correlation of SI values to benthic cover for 2001 CREMP sites  (bold indicates statistically  
                 significant relationship) 
 
SI  vs 
Spearman 
R 
p-value 
 
Coral 0.67 0.00 
Macroalgae 0.21 0.39 
Porifera     -0.14 0.56 
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Figure 20. Coral cover as a function of SEDCON Index values for CREMP, Florida Middle Grounds, and Navassa sites (orange circles indicate sites > 20 m)
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Figure 21. Coral cover as a function of SEDCON Index values for 2001 CREMP sites (orange circles indicate sites highlighted in text) 
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Water Quality Comparisons 
 
 In addition to assessing community structure at CREMP sites, I also wanted to  
 
establish which abiotic factors describe the SEDCON Index data. Rather than using 
 
dissolved nutrients as indicators of nutrient enrichment, chlorophyll-a is preferred 
 
(Laws and Redaljie, 1979). Dissolved forms of nutrients in the water column are quickly  
 
cycled into the biota, whereas chlorophyll-a is bound in phytoplankton biomass, which  
 
can be inexpensively sampled and observed by remote sensing (Szmant, 1995).  
 
Chlorophyll concentrations in the Lower Keys did not co-vary with either the Upper 
 
or Middle Keys. In 2001 and 2004, the lowest concentrations were found in the Middle  
 
Keys, while the Lower Keys contained the highest. Values ranged from 0.099 µg/l to  
 
0.242 µg/l (Table 38). From 2003 to 2004, a decrease of 0.127 µg/l was recorded in  
 
the Middle Keys. Offshore shallow and deep sites were found have very similar trends,  
 
which is the result of shared WQMN sampling stations, and agree with prior findings by  
 
Callahan (2005). Tables 38 and 39 show chlorophyll data by region and integration of  
 
site class and region. 
 
 
Table 38. Chlorophyll concentrations (µg/l) by region (2001-2004), (--- no sediment samples were  
                 available to make comparisons) 
 
 2001 2002 2003 2004 
Upper Keys 0.176 + 0.042 0.214 + 0.064 0.156 + 0.163 0.147 + 0.028 
Middle 
Keys 0.112 + 0.010 0.169 + 0.002 0.226 + 0.061 0.099 + 0.022 
Lower Keys 0.242 + 0.044 0.123 + 0.107 0.175 + 0.152 0.197 + 0.171 
Tortugas 0.171 + 0.000 --- --- --- 
 
 
 
  72 
Table 39. Chlorophyll concentrations (µg/l) by region and site class (2001-2004), (--- no sediment samples  
                 were available to make comparisons) 
 
 2001 2002 2003 2004 
Upper P 0.209 + 0.064 0.254 + 0.052 0.130 + 0.004 0.128 + 0.037 
Upper OS 0.181 + 0.062 0.204 + 0.056 0.148 + 0.075 0.182 + 0.068 
Upper OD 0.177 + 0.021 0.196 + 0.081 0.223 + 0.172 0.153 + 0.032 
Upper HB 0.171 + 0.000 0.193 + 0.000 0.198 + 0.000 0.072 + 0.000 
Middle OS 0.118 + 0.000 0.171 + 0.000 0.262 + 0.000 0.113 + 0.000 
Middle OD 0.109 + 0.013 0.169 + 0.002 0.209 + 0.076 0.092 + 0.028 
     
Lower OS 0.268 + 0.000 0.185 + 0.000 0.263 + 0.000 0.296 + 0.000 
Lower OD 0.228 + 0.000 0.185 + 0.000 0.263 + 0.000 0.296 + 0.000 
     
Tortugas 
OD 0.171 + 0.000 --- --- --- 
 
  
 
 Analysis of the water quality information and SI data (Table 40) from all 2001  
 
CREMP sites during the BIO-ENV routine revealed a correlation of ρ = 0.302. Stronger  
 
relationships were noted when sites were examined by class. CREMP offshore deep 
 
reefs had consistently higher correlations with the water quality data than offshore  
 
shallow sites over all years. Since only one hardbottom site was sampled, no comparisons  
 
could be made for that site class. In addition, no relationships were found for the two  
 
patch reefs examined, Turtle and Porter Patch.  
 
 SI data from 2004 was compared to 2003’s water quality information (Table 41)  
 
to examine if any connections could be made between index data and the previous year’s  
 
abiotic parameters. The correlation for all sites was ρ = 0.545, which was greater than for  
 
the offshore shallow group (ρ = 0.379). This trend was not exhibited during the intra-year  
 
analysis.  
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Iterations of BIO-ENV routine for within and between year comparisons 
 
had many ties. Nitrate is found in combination with dissolved oxygen in 2001, 2003, and  
 
for the analysis between years. A single water parameter was not consistently found  
 
within or among all three years.  
 
Table 40. BIO-ENV results for comparison of abiotic factors and SEDCON Index data 
             within years  (* ties occurred) 
  
Comparisons Site 
Class 
N Correlation 
Coefficient 
Water Quality Parameters 
SI 2001 vs WQ 2001 All 17 ρ = 0.304 Chl-a, turbidityb, NO3b, DIN 
b, TON b 
SI 2001 vs WQ 2001 Deep Reefs 8 ρ = 0.786 DOs, NO3s, NO2b,TPs ,b 
SI 2001 vs WQ 2001 Shallow Reefs 6 ρ = 0.952 * 
SI 2001 vs WQ 2001 Patch Reefs 2 ρ = 0.000 N/A 
SI 2001 vs WQ 2001 Hardbottom Sites 1 ρ = 0.000 N/A 
     
SI 2003 vs WQ 2003 All 14 ρ = 0.312 DOs, NO3s, NO2b, SRPs, TPb 
SI 2003 vs WQ 2003 Deep Reefs 5 ρ = 0.915 * 
SI 2003 vs WQ 2003 Shallow Reefs 6 ρ = 0.379 Tempb, DOb, NO3s, TPb 
SI 2003 vs WQ 2003 Patch Reefs 2 ρ = 0.000 N/A 
SI 2003 vs WQ 2003 Hardbottom Sites 1 ρ = 0.000 N/A 
     
     
SI 2004 vs WQ 2004 All 10 ρ = 0.425 Salinityb, NH4s, APAs 
SI 2004 vs WQ 2004 Deep Reefs 4 ρ = 0.829 * 
SI 2004 vs WQ 2004 Shallow Reefs 4 ρ = 0.976 * 
SI 2004 vs WQ 2004 Patch Reefs 2 ρ = 0.000 N/A 
SI 2004 vs WQ 2004 Hardbottom Sites 0 ρ = 0.000 N/A 
 
    
Table 41. BIO-ENV results for comparison of SEDCON Index data to water quality data from a previous  
                 year (* ties occurred) 
 
Comparisons Site 
Class 
N Correlation 
Coefficient 
Water Quality Parameters 
SI 2004 vs WQ 2003 All 10 ρ = 0.545 Tubids, DOb, NO3s, SRPs, 
TPb 
SI 2004vs WQ 2003 Deep Reefs 4 ρ = 0.943 * 
SI 2004 vs WQ 2003 Shallow Reefs 4 ρ = 0.379 * 
SI 2004 vs WQ 2003 Patch Reefs 2 ρ = 0.000 N/A 
SI 2004 vs WQ 2003 Hardbottom Sites 0 ρ = 0.000 N/A 
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DISCUSSION 
 
Bias and grain size 
  
  Bias does occur during the analysis of sediment constituents. Initially, a  
 
researcher who analyzes samples uses a reference book or chart to assist with  
 
identification, and once familiar, continues to process consecutive samples by utilizing 
 
gained knowledge. This is known as the memory effect (Griffiths, 1967) and charts are  
 
usually posted at or near the microscopes to reduce the chances of error.  
 
Coarser reef tract sediments accumulate in the same sub-environment they are  
 
produced (Ginsburg, 1956), and reflect local community structure and processes.  
 
Therefore, I examined the 0.5 – 2 mm fractions for the SEDCON Index because this 
 
fraction is most easily identified and provides the most reliable proxy of local sediment 
 
sources to allow for the capture of coarse to medium sands. Furthermore, coarser  
 
sediments are known to be better preserved and less likely to undergo alteration via  
 
diagenetic processes (Perry, 2000). Analysis of sediment at smaller size ranges could  
 
have increased the likelihood of misidentification without the use of thin sections.  
 
The source of reef framework grains < 0.5 mm is difficult to determine (i.e., 
 
whether smaller grains are a product of physical erosion or bioerosion). Smaller 
 
grains are also more inclined to be resuspended  and transported to other sites.  
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Sediment composition 
 
Reef sediment composition can be described as having heterogeneous  
 
homogeneity. Sediment samples from most locations examined in my study were  
 
composed of the same constituents, primarily of unidentifiables, while dominance of  
 
other constituents varied. Molluscs and calcareous algae were the next most common  
 
constituents, which allowed me to distinguish differences among sites and locations.  
 
Miller and Gerstener (2002) found many of the reef surfaces at Navassa to be  
 
vertical, as opposed to the gentle sloping platforms off Florida (Porter and Meier, 1992),  
 
and have high topographic complexity. This finding along with the assertion that sunlight  
 
penetrates greater depths at Navassa due to water clarity, could explain the prevalence of  
 
symbiotic foraminifers at Site 88 (39m). 
  
 Constituent counts of 6,000 sediment grains revealed no significant variability  
 
within 10 Florida Keys reef sites. On the other hand, the constituent and index data  
 
showed comparisons among reef sites were statistically significant. A comparison of  
 
sediment composition between two sites (Fig. 16) demonstrated how dominant  
 
processes can vary among sites. Heterotrophy was predominate at Grecian Rocks, while  
 
bioerosion prevailed at Alligator Deep. Murdoch and Aronson (1999) used coral cover to  
 
look at spatial differences on reefs, and found the same results for intra and inter-site  
 
variation in the Florida Keys. Heterogeneity was also exhibited for macroalgal and coral  
 
cover at Discovery Bay, Jamaica and St. John, USVI, sites, on a scale of kilometers  
 
(Edmunds and Bruno, 1996).  
 
  
  76 
 
 
SEDCON Index equation 
 
Weighting of functional groups for the SEDCON Index is based on community 
 
changes attributed to nutrification (Birkeland, 1988), affects on carbonate productivity 
 
(Hallock, 1988), and petrological evaluation of reef sediments in a declining system  
 
(Lidz and Hallock, 2000). Originally, the SEDCON Index equation was proposed as 
 
                                 SI= (10* Pm)+ (3*Pr)+(Pah)+(0.1*Pu),   (1) 
 
but was modified to  
 
                                SI= (10* Pc)+(8*Pf)+ (2* Pah)+(0.1*Pu)   (2) 
 
 
Equation 2 was selected as the SEDCON Index equation, because it had a stronger  
 
correlation with live coral cover (Table 42). Higher index values represent conditions  
 
suitable for mixotrophy and reef accretion. Since coral and larger, symbiont-bearing  
 
foraminifers should dominate the sediments at undegraded sites, and they were assigned  
 
the largest weightings, 10 and 8. In the original equation, these two categories were  
 
combined as Pm, the mixotroph group. As a reef site declines and more nutrients become  
 
available, autotrophs and heterotrophs eventually outcompete corals and other symbiotic  
 
organisms (Birkeland, 1987; Hallock, 1988). Since molluscs and calcareous algae were  
 
constituents which reflected differences among Florida reef sites (Fig. 12), weighting for  
 
Pah was increased to enhance discrimination. On the other hand, weighting Pr in the  
 
original equation was based on the assumption that coralline algae might play an  
 
important role in community discrimination using sediments. This did not prove to be the  
 
case for Florida Keys samples, so proportions of coralline algae were merged into the Pah  
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category. Heavily degraded sites primarily contain bioeroded grains, resulting in Pu  
 
receiving a weighting of 0.1, which is a hundred times smaller than Pc. 
 
Table 42. Spearman rank correlations for the unidentifiable fraction (Pu) as a function of two versions of  
                 SEDCON Index equations and coral cover 
 
Index equation R for Coral Cover  
1. (10* Pm)+ (3*Pr)+Psk+(0.1*Pu)     .60 
2. (10* Pc)+(8*Pf)+ (2*Pah)+(0.1*Pu) .67  
 
 
Synthesis of constituent data and index values 
 
A Principle Component Analysis (PCA) confirmed molluscs and calcareous 
 
algae could explain variation observed at the CREMP sites. By looking at SI values 
 
along with the patterns of constituent variation, Figure 22 illustrates dominant processes 
 
(i.e., autotrophy and heterotrophy, or bioerosion) at the specific sites relative to their  
 
location in the Florida Keys. Most sites with the lowest SI values are located in the  
 
upper right corner of the plot, where bioerosion is dominate. Black Coral Rock near PC 1  
 
had little calcareous algae, but more coral grains, indicating mixotrophy affects  
 
community structure at that site. Autotrophy and heterorophy are predominate at  
 
Grecian Rocks on PC 2, where the sediment was primarily composed of molluscs and  
 
calcareous algae. Physical erosion is not reflected in Figure 22, because there was not a  
 
prevalence of recognizable coral fragments in any samples. 
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Figure 22.  Principle Component Analysis for 2001 CREMP sites including dominant processes 
 
 
Temporal trends 
 
Differences of the mean SI values between years were not found to be significant  
 
(Fig. 23;Table 36). Lack of major reef disturbances in the area between 2001 and 2003  
 
may be the explanation. CREMP researchers found no significant changes in coral cover  
 
in FKNMS since 1999, although incidence of coral diseases have increased (Japp et al.,  
 
2002). Mass coral bleaching events in this area were last recorded in 1998. Since  
 
1999, no major hurricanes have directly hit the Florida Keys. Gardner (2005) suggested  
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that other stressors play a larger role in reef decline today, rather than hurricanes.  
 
Connell, (1997) stated chronic disturbances, i.e., eutrophication, overfishing, and coastal  
 
development, are associated with lack of recovery.  
 
 
 
 
Figure 23. Mean SI values and coral cover over time for CREMP sites where sediment samples were  
                  collected  
 
 
Coral Cover 
 
 Comparing SI values to live coral cover showed no correlations for sites  
 
> 20m, which incidentally had the highest coral cover at all locations. An example of  
 
this trend was Black Coral Rock (Fig. 21), located in the Dry Tortugas. Although far  
 
from human impact, this offshore deep site had the largest SI value and coral cover.  
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A comparison of SI values to depth did not demonstrate any relationship (Fig.  
 
24). However, Figure 20 revealed that SI values did not correlate with coral cover  
 
at depths > 20m. Physical erosion via wave motion is reduced with depth, which  
 
reduces the prevalence of recognizable coral fragment grains. Samples at depth would  
 
primarily contain sediment grains produced either as primary grains (e.g. foraminifers 
 
and mollusk shells or via bioerosion), which consequently institutes bias toward lower 
 
SI values and implies that accretion is negligible. In contrast, at a shallow site where  
 
coral is actively accreting, wave motion will break down coral framework into  
 
recognizable grains. The SEDCON Index is not suitable for sediments from sites with  
 
reduced wave energy such as deeper sites, and possibly also lagoonal sites eliminate the  
 
capability of the SEDCON Index to determine if physical erosion or bioerosion is the  
 
dominant source of reef framework grains.  
 
 
 
 
Figure 24. Relationship of SEDCON Index values to depth for all locations 
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Most sites that contained less 10% coral cover were correlated with SEDCON  
 
Index values. Florida Keys reefs have been in decline over the last thirty years, and mean  
 
coral cover for the entire FKNMS was 7.2% in 2003 (Beaver et al., 2003). Since most  
 
sites are already heavily degraded, index calibration is difficult and disturbances have  
 
already impacted those sites. No offshore shallow sites with high coral cover remain  
 
along the Florida reef tract. Thus, Florida Keys reef sites did not provide a sufficient  
 
range of benthic condition from which the SEDCON index could be adequately  
 
calibrated. On the other hand, the SI values in indicate that all sites are degraded, and  
 
offshore shallow sites are most degraded.  
 
 
Influence of Abiotic Parameters 
 
 Water quality data indicated higher concentrations of chlorophyll a at Lower  
 
Keys offshore shallow and deep reef sites, when CREMP sites were examined by  
 
region and site class (Table 38). These findings are consistent with prior research using  
 
SERC-WQMN data (Boyer and Jones, 2002; Callahan, 2005). Chlorophyll a  
 
concentrations for CREMP sites ranged between 0.1 µg/L - 0.3 µg/L. These water  
 
conditions are described as mesotrophic by Mutti and Hallock (2003), where nutritional  
 
strategies of autotrophy and heterotrophy are most advantageous and net coral  
 
framework production is outpaced by bioerosion.  Different combinations of water  
 
quality parameters were selected each year by the BIO-ENV routine, and Callahan  
 
(2005) suggested individual parameters could not be distinguished with quarterly  
 
sampling. Although correlations for the offshore shallow and deep sites were greater  
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than all sites combined over the sampling years (Table 40), offshore deep sites had a 
 
consistently stronger relationship to water quality data than the offshore shallow sites.   
 
A high correlation was also noted between offshore deep reefs and the previous year’s  
 
water quality data (Table 41).  
 
 
Strengths and Restrictions 
 
The SEDCON Index limits the resources needed to retrieve ecological 
 
information from sediment samples and can be integrated with ease into current  
 
monitoring programs. Procedures for this methodology are relatively fast, inexpensive,  
 
and minimal equipment is needed to process samples.  No expertise is necessary for  
 
sample collection, which can be completed from a small boat or even a kayak. Personnel  
 
training for constituent identification should be supervised by a specialist in carbonate  
 
sediment identification. Persons participating in constituent analysis should be checked  
 
for consistency, until they are familiar with constituent groups, and periodically retrained  
 
in identifications. In areas where even a stereomicroscope is unavailable, samples can be  
 
easily transported to a laboratory for analysis by an experienced technician, as samples 
 
will not degrade. 
 
 An advantage to low intrasite variability is that a small number of samples can 
 
provide information on any conditions representative of the reef site. Coral cover data  
 
used by current monitoring programs only illustrate whether or not shifts in benthic  
 
condition have occurred, yet does not have the capacity to ascertain what factors have  
 
provoked any observed changes. The SEDCON Index indicates which specific  
 
process(es) control/alter reef community structure i.e., whether bioerosion exceeds  
 
  83 
accretion of carbonate framework, and further indicates if nutrients play a role in  
 
promoting coral decline at a site.  
 
 Findings show the SEDCON Index to be depth sensitive. Physical erosion of  
 
reef framework due to wave motion is negligible at deeper sites, therefore this index  
 
should only be applied at sites < 20m. No interannual responses were noted during the 
 
course of this project, therefore annual application of this methodology is unnecessary. 
 
 
Future Investigation and Recommendations 
 
 Application of the SEDCON Index at reef sites along a known nutrient and 
 
community structure gradient is needed to quantitatively calibrate the index. Once  
 
validation is complete, the SEDCON Index can easily be incorporated into current  
 
monitoring programs. Another potential project could include comparisons of sediment  
 
samples from moored and non-moored reefs with coral cover data. Assessment of benthic  
 
condition for CREMP (Japp et al., 2002) also incorporate attributes such as species  
 
diversity, benthic cover of other organisms, coral disease incidence, and while other  
 
researchers have focused on mortality versus recruitment (Ben-Tzvi et al., 2004).  
 
Additional attributes of reef health may contribute to calibration of the SI. 
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CONCLUSIONS 
 
1. Low intrasite variability in SI was exhibited within Florida Keys reef sites, indicating  
    that few samples per site (1-3) are sufficient to apply the SEDCON Index.  
 
2. Intersite variability in SI was statistically significant among sites and locations.  
 
3. No significant differences in SI values were found at CREMP sites between years,  
    which could be attributed to lack of major disturbances (i.e., massive bleaching events  
    or hurricanes) from 2001-2004. The SI should be used as a one time assessment tool or  
    for periodic monitoring ( > 5 years). 
 
4. At CREMP sites < 20m, the correlation between SI and coral cover was statistically  
    significant.  
 
5. Low correlations at deeper sites are possibly related to minimal wave action to 
    physically erode coral framework. Florida Middle Grounds and Navassa were 
    in the 20-40m depth range, where the impact of physical erosion of reef  
    framework would not be reflected. Therefore, the SEDCON Index should not 
    be applied at sites > 20m. 
     
6. SEDCON Index values for all Florida Keys sites indicate bioerosion has overtaken  
    accretion throughout the Florida Keys.  
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Appendix I- Eigenvectors and values for the Principle Component Analysis of CREMP  
                     sites 
 
PCA 
Principal Component Analysis 
 
Worksheet 
 
File: C:\Documents and Settings\CamilleDaniels \Desktop\stats.thesis\data.pri 
Sample selection: All 
Variable selection: All 
 
Eigenvalues 
 
PC  Eigenvalues  %Variation  Cum.%Variation 
 1         4.20              46.6                 46.6 
 2         1.59              17.7                 64.3 
 3         1.30              14.4                 78.7 
 4         0.78                8.6                 87.4 
 5         0.70                7.8                 95.2 
 
Eigenvectors 
(Coefficients in the linear combinations of variables making up PC's) 
 
Variable                       PC1              PC2           PC3             PC4               PC5 
Sym Forams          -0.303      0.134    -0.024      0.729      0.481 
Coral                 0.141    -0.350    0.638    -0.294      0.418 
Coralline Algae     0.245      0.063    -0.570    -0.409      0.452 
Molluscs          -0.436    -0.260    -0.111    -0.120    -0.051 
Calcareous Algae    -0.218    0.570    0.283    -0.200    -0.367 
Echinoid Spines     0.180    -0.620    -0.111    0.270    -0.418 
Worm Tubes          -0.426    -0.231      0.081    -0.164    -0.067 
Other               -0.412    -0.093    -0.380    -0.194    -0.089 
Unidentifiable      0.455     0.132    -0.103    0.150    -0.255 
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Appendix I. Eigenvectors and values for the Principle Component Analysis of CREMP  
                      sites (cont’d) 
 
 
 
Principal Component Scores 
 
Sample                   SCORE1            SCORE2       SCORE3       SCORE4       SCORE5 
Alli Deep       -0.981     0.826   -1.200    0.222   -0.360 
BC              0.568   -3.413      0.818    0.553     0.345 
Carys Deep      -2.150   -1.704   -1.831 -0.609   -0.431 
Cary Shal          1.240     1.347      0.172   -0.090   -0.697 
Conch Shal         1.152     1.477   -0.423    0.046   -0.035 
Conch Deep       0.679     0.551      0.810    0.330   -0.094 
E Sambo           2.611   -0.882    -1.205 -0.609     1.418 
Mol Deep          1.082     1.710    -0.476   -0.508     0.333 
Mol Shal          0.661     0.472      0.301   -0.458   -0.170 
R Key Shal        2.013    -1.073   -0.058     0.802   -0.649 
R Key Deep        1.319   -0.268      0.204     0.880   -1.277 
Tenn Shal         1.747     0.125   -2.211   -0.321     0.483 
Tenn Deep   -0.304    0.683     1.604   -0.911     0.561 
WS                0.075   -0.259     2.176   -1.067     1.242 
Grecian Rocks   -5.932   -0.152   -0.584   -0.121     0.631 
Porter Patch    -1.558      1.014      0.386       2.721     1.135 
Turtle             0.415   -0.824      0.909    -0.092  -1.029 
El Radabob      -2.638      0.370      0.606    -0.768   -1.405 
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Appendix II. Methods for SEDCON Index sample processing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  96 
 
 
Appendix III. SEDCON Index Procedure 
 
Materials: small plastic vials 
                  63µm mesh nylon sieve 
                  funnel* 
                  ring stand and clamp* 
       deionized water in a squirt bottle 
                  plastic spoon 
                  black Sharpie marker 
                  glass beakers for sand and mud fractions (150 and 1000ml)* 
       drying oven (50-80oC)* 
                  balance, preferably electronic*  
                  standard sieve set (63 µm – 2 mm) and shaker 
                  fine spatula  
                  small plastic bags with labels to store sediment  
                  2-3 metal picking trays (gridded)* 
                  micropaleontological faunal slides* 
                  water soluble glue*  
                  small vial of DI water 
                  artist brush, fine (tip size: 3/0 to 5/0) 
       forceps, fine tipped* 
       stereomicroscope, preferably with lamp 
                  SEDCON Index datasheet 
                  literature to assist with identification: Bathurst (1972); Flügel,(1982);  
                  Scoffin (1987), Sen Gupta (2000), FORAM Index CD-ROM 
                  (Hallock and Crevison) 
 
* materials can be substituted or created from other products, if not available 
                  
 
 
1. Surface sediment samples from shallow reef sites (<20m) collected with small plastic  
    vials.  
 
2. Label beakers (one 150 ml and one 1000ml per sample), weigh to nearest milligram,  
    and record data. 
 
3. Attach a ring clamp to ring stand and place a funnel through the ring. Place the mesh 
    sieve on top of the funnel and place a labeled 1000ml beaker under the funnel tip. (See  
    #2 in Appendix II) 
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4. Pour sample onto the sieve and spread out with plastic spoon. Wash sample with   
    DI water until the liquid runs clear through the funnel. Replace beaker with another      
    that has the same label, if the first becomes full.  (This beaker(s) contain(s) the mud  
    fraction.) Cover and allow mud to settle to bottom then place in drying oven. 
      
5. Use spoon to take sediment from sieve and put into a labeled 150ml beaker, which          
    immediately goes into the drying oven. (This beaker contains the sediment fraction.)  
 
6. Once both fractions are dry, weigh and record data. The mud fraction should be  
    moved with the fine spatula onto paper to be weighed. Record dry weight of the mid  
    fraction and put into bags to be archived. Place the sieve set onto the shaker 
    and pour the sediment fraction into the sieve set. Shake for 5 minutes. Weigh and  
    record sediment in each sieve.   
 
7. Using a fine spatula, mix a subsample of the 0.5 - 1mm and 1 - 2mm fraction. Archive   
    the remaining sample in small bags. Weigh out 1g on weighing paper and evenly  
    sprinkle across the gridded tray. 
 
8. Materials at microscope should include artist’s brush, forceps, gridded tray with  
    subsample, micropaleontological slide, water soluble glue, and vial of DI water. 
 
9. Coat slide with a thin layer of glue. Examine the subsample under the microscope.   
    Using the artist’s brush pick 300 individual grains that fall on the grid lines, move 
    each onto the micropaleontological slide. Dip the brush into a vial of DI water every 
    few grains to assist in transport of each grain. 
 
10. Identify the 300 grains and record information on the SEDCON Index datasheet 
      or into Microsoft Excel. 
 
11. Calculate functional group percentages, then solve SEDCON Index equation. 
 
12. Data can be sent to a statistical analyst for assistance with interpretation. 
 
            -- Multiple samples should be processed and dried to conserve time. 
     
 
 
